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Environmental Survey of Uranium Mill Tailings Pile, Tuba City, Arizona 


Southwestern Radiological Health Laboratory: 
Bureau of Radiological Health 


At the request of the Navajo Tribal Council, an environmental radiological 
survey was conducted on the El Paso Natural Gas Company uranium tailings 
pile, Tuba City, Arizona, in May 1967. The purpose of the survey was to 
evaluate potential radiation hazards and to recommend methods of control. 
The survey included evaluation of external gamma radiation, airborne radio- 
activity, and waterborne radioactivity. 

The results indicate that the external radiation levels on the tailings area 
exceed recommended exposure limits for individuals in the general population. 
Wind carriage of the tailings in an easterly direction from the pile has resulted 
in elevated radiation levels outside the controlled area. 

On the basis of these data it was recommended that the mill tailings be 
properly stabilized against wind erosion or periodic monitoring would be 
necessary. In May 1968 the pile was regraded and stabilized against wind 
erosion using a chemical binder. Because of the external radiation levels on 
the tailings area, this area was not released for public use. It was fenced and 
posted as a radiation area. The housing area was released to the Navajo Tribe 


and is presently occupied. 


At the request of the Navajo Tribal Council, 
an environmental radiological survey was con- 
ducted on the El Paso Natural Gas Company 
uranium tailings pile, Tuba City, Ariz., in May 
1967 to evaluate potential existing radiation 
hazards and to recommend methods of control. 
The site, situated on the Navajo Indian Reserva- 
tion, Coconino County, Ariz., is leased to the El 
Paso Natural Gas Company. The uranium mill is 
approximately 6-miles east of Tuba City, Ariz. 
(figure 1). 

The mill began operation in 1957 (discontinued 
operation in 1966) and was initially operated by 
the Rare Metals Corporation with a design proc- 
essing capacity of 300 tons of ore daily. The mill 
property is divided into three main areas: the 


1 Report written by Mr. Robert N. Snelling, technical 
prone officer, and Dr. S. D. Shearer, Jr., formerly chief, 


echnical Services, Southwestern Radiological 
Laboratory, Las Vegas, Nev. 
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tailings area (including evaporation ponds); the 
mill area; and the housing area (figure 2). 

The tailings area including evaporation ponds, 
covers an area of about 65 acres. The tailings 
piles contain an estimated 796 x 10° tons of 
material with an estimated radium-226 content of 
980 pCi/g or a total radium content of approxi- 
mately 710 g in the tailings material.? On the east 
side of the tailings area material has transgressed 
the property line because of wind carriage and is 
readily visible for some 500 feet beyond the prop- 
erty line. 

The mill area, covering approximately 30 
acres, includes the mill building, shops, miscellane- 
ous buildings, the former stockpile areas, and a 
scrap area. It is located adjacent to and north of 
the tailings area. 


? Division of Raw Materials, U.S. Atomic Energy Com- 
mission, 1967. 
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Figure 1. Tuba City uranium mill site and water sampling locations 
nino County, Arizona 
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Figure 2. Tuba City uranium mill, El Paso Natural 
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Gas Company 


The housing area is located 1,100 feet north of 


and about 100 feet higher in elevation than the 
tailings pile. It consists of 26 houses, a trailer 
court, and a community building. This area was 
inhabited by El Paso Natural Gas Company 
personnel. 

Moenkopi wash flows from east to west and is 
approximately 2-miles south of the mill property. 
It contains water 11 to 12 months out of the year. 
The surrounding land is very sparsely populated, 
although there are several dwellings within one- 
half mile of the tailings area. The land is utilized 
primarily for cattle and sheep grazing although 
some farming is done along Moenkopi wash. 


Sampling procédures 


External radiation measurements were obtained 
using a portable Geiger survey meter. Open 
window (beta-plus-gamma) readings were obtained 
at the surface and at 3 feet above the surface. The 
surface readings are assumed to represent beta- 
plus-gamma radiation whereas the 3-foot readings 
were shown, by comparison with closed window 
readings, to be indicative of predominantly 
gamma radiation. The tailings area was surveyed 
by laying out an aerial grid and obtaining readings 
at 200-foot intervals. Measurements in the mill 
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and housing areas were obtained at locations 
determined to be representative of that area. A 
total of 170 pairs of readings was obtained. 

In addition to the portable instrument readings, 
thermoluminescent dosimeters (TLD’s) were 
placed at 12 locations on and about the tailings 
area (figure 3). A beta shield makes the TLD 
responsive to gamma radiation only. At each 
location, pairs of dosimeters were exposed for a 
4-day period at the surface and the 3-foot level. 
Three sets of three dosimeters were also placed in 
Tuba City for background determinations. 

There was no observable difference between the 
survey meter readings at 3 feet (representing 
beta-plus-gamma radiation) and the TLD readings 
at 3 feet (representing gamma radiation only), 
further indicating that most of the radiation 
measured at 3 feet with the survey meter can be 
interpreted as gamma radiation. 

Airborne particulates were sampled using 0.8. 
pore-size membrane filters and a flow rate of 0.75 
ft?/min. 

Ten sampling stations were established on or 
near the tailings area and at one background 
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station in Tuba City (figure 4). Continuous 24- 
hour samples were obtained at each station on each 
of 4 consecutive days. These samples were 
analyzed for radium-226 and long-lived gross 
alpha and gross beta radioactivity. 

A series of 4- to 5-hour continuous air filter 
samples were obtained (utilizing the same sam- 
pling equipment) for the immediate evaluation of 
the short-lived particulate decay products of 
radon. Such samples were obtained at each of 
three locations on four different occasions for a 
total of 12 samples (figure 4). The filters were 
examined immediately in the field for alpha 
radioactivity, utilizing a specially designed alpha- 
particle scintillation counter in combination with 
a portable Ludlum scaler and high-voltage supply. 
The filters were then recounted after radon—222 
daughter decay (5 hours) and again after radon- 
220 daughter decay (5 days). Radon concentra- 
tions were then calculated assuming equilibrium 
between radon and its daughters. 

Atmospheric “grab’’ samples were obtained by 
means of a specially designed 2-liter flask. The 
stopcocks of the flask were opened and the 
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Figure 3. Thermoluminescent dosimeters, Tuba City 
uranium mill 
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Figure 4. Air and water sampling locations, Tuba City 
uranium mill 
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LEGEND: All values in mR/h 
Upper value = gamma exposure at 3 feet 
Lower value = beta-gamma exposure at surface 
Values in parentheses = thermoluminescent 
dosimeter data 
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Figure 5. External radiation measurements, Tuba City uranium mill tailings area, May 1967 


atmospheric sample was pulled through a 0.8 
micron pore-size membrane filter into the flask at 
the rate of 10 liters per minute for 5 minutes. The 
flask was allowed to come to atmospheric pressure 
and the stopcocks were closed. The collected 
samples were picked up daily by Public Health 
Service aircraft and flown to Las Vegas for radon— 
222 analysis. Samples were obtained at four 
locations on four separate occasions for a total of 
16 samples (figure 4). 

One-gallon grab samples of water were obtained 
from the tailings raffinate pond and the municipal 
sewage lagoon effluent creek which drains onto the 
tailings area (figure 4). Ground water was sampled 
at three locations; a shallow well approximately 
2-miles southeast of the tailing pile; a shallow well 
approximately 1-mile south of the pile, and a deep 
well just north of the mill property (figure 1). 
Samples were also obtained approximately 1-mile 
upstream and 1.5-miles downstream on Moenkopi 
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wash. The water samples were analyzed for gross 
alpha and gross beta radioactivity, and radium- 
226. 

All laboratory analyses were performed at the 
Southwestern Radiological Health Laboratory 
(SWRHL). After sample preparation, gross alpha 
and gross beta radioactivity determinations were 
performed by counting directly in an end-window, 
gas-flow proportional counter. Radium-226 was 
determined by radon emanation. 


Meteorology 


Wind direction and speed were estimated by 
visual observation. The predominant wind direc- 
tion at the mill site for the 4-day sampling period 
was from the west. This is the predominant wind 
direction throughout the year according to El 
Paso Natural Gas Company officials. During the 
second through fourth day of the survey, strong 
winds (estimated at 15 to 30 mph) were encoun- 
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Figure 6. External radiation measurements, Tuba City uranium mill and housing areas, May 1967 


tered throughout the daylight hours. This resulted 
in heavy dust carriage downwind from the pile. 
The wind conditions encountered during the 
major part of the sampling period were most 
likely not representative of the average wind 
conditions throughout the year, even though 
such winds are frequent in that area. The data 
obtained must be interpreted with this in mind. 


Results—external radiation 


To evaluate the potential long-range hazard 
associated with the external radiation emitted 
from the tailings material, the average yearly 
whole-body exposure for an individual having 
a 24-hour-per-day residence in the area was 
calculated and compared to the recommended 
RPG of 0.5 rem/yr (2). Only the gamma radiation 
at 3 feet was used for this computation. 

Table 1 summarizes the results obtained from 
the portable instrument survey on each unique 
area and the average values for composite areas. 
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Figures 5 and 6 indicate the location and magni- 
tude of the individual measurements at the sur- 
face and at 3 feet above the surface. 

The background radiation level in the sur- 
rounding area was found to average 0.02 mR/h 
both at the surface and at 3 feet above the surface. 
This level of radiation is negligible in comparison 
to the order of magnitude of radiation measured 
on and about the tailings area and is therefore 
neglected. 

The radiation exposure at the 3-foot level on the 
tailings area ranged from a maximum of 5.8 mR/h 
on carbonate pile No. 2 toa minimum of 0.038 mR/h 
along the south fence. The average for the area was 
0.7 mR/h. The surface exposures ranged from 6 
mR/h to 0.02 mR/h with an average of 0.9 mR/h. 
A plot of isoradiation lines depicting the relative 
radiation levels at 3 feet over the mill property is 
given in figure 7. 

The average whole-body dose for an individual 
having a 24-hour-per-day residence on the tailings 
area, was computed to be approximately 6.0 rem/ 
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Table 1. External radiation measurements, Tuba City uranium mill, May 1967 
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mR/h. This dose is 12 times the Radiation This is nearly three times the reeoommended RPG 
Protection Guide (RPG) of 0.5 rem/a (2). The of 0.5rem/a. 

whole-body dose for an individual in a non-radia- Significant tailings material had shifted across 
tion occupation working 40-hours-per-week on the __ the property line on the east side of the pile. The 
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Figure 7. External gamma radiation levels, Tuba City uranium mill, May 1967 
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Figure 8. External radiation vs. distance downwind from tailings pile, Tuba City uranium mill, May 1967 


exposure at the 3-foot level ranged from 0.6 mR/h 
at the property line to 0.02 mR/h 1,600-feet 
downwind from the property line. Permanent 
24-hour occupancy within 1,000-feet east of the 
fence adjacent to the acid tailings would result in 
an annual average dose equal to or greater than 
the RPG of 0.5 rem/a (figure 8). 

The average radiation exposure at 3 feet above 
the surface around the mill area was 0.1 mR/h. 
The distribution of measurements can be seen in 
figures 6 and 7. The average dose to an individual 
having a 24-hour per day residency in this area, 
on the basis of the average value of 0.1 mR/h is 
0.9 rem/a. Although this dose is approximately 
twice the RPG of 0.5 rem/a, it represents a highly 
unlikely condition of continuous occupancy. With 
reasonable occupancy assumptions it would not 
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be expected that an annual average dose in excess 
of 0.5 rem would occur. 

The radiation exposure at 3 feet above the 
surface in the housing area was found to average 
0.03 mR/h. This exposure represents essentially 
background levels of radiation. The average whole- 
body dose for an individual having 24-hour-per- 
day residence in this area is computed to be about 
0.07 rem/a from that radiation over and above 
background. This is approximately 15 percent of 
the RPG of 0.5 rem/a. 

A summary of the results obtained from the 
thermoluminescent dosimeters placed about the 
tailings area is shown in table 2. The results in 
general are in good agreement with the portable 
instrument survey indicating levels of the same 
order of magnitude (table 3). 
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Table 2. External radiation measurements utilizing 
thermoluminescent dosimeters, Tuba City uranium 


mill, May 1967 





Number | External gamma radiation 
of (m 
measure- 
ments 





Surface 3 feet 





Acid tailings - Ri 
Carbonate tailings No. 1-_--- ---- 1. % 
Carbonate tailings No. 2--- -- a. 1. 
Mill building 
RE A RE a 
Background- 














Table 3. External radiation measurements, comparison 
of thermoluminescent dosimeters to portable survey- 
meter measurements, Tuba City uranium mill 

May 1967 


Table 4. Gross long-lived alpha particulate activity in 
air, Tuba City uranium mill, May 1967 





Concentration 
(pCi/m*) 
Station 





May 9-10 |May 10-11|May 11-12| Weighted 
average 
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* Less than figures used as absolute values in averaging. 
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* Values represent gamma radiation. ov) ’ 
> Values represent the average beta-gamma radiation measured in the 
same vicinity as the TLD’s. 


Results—atir sampling 


In order to assess the potential long-range health 
hazard associated with the inhalation of airborne 
radionuclides, the average radioactivity concentra- 
tion observed for each sampling station during 
the 4 days of sampling is compared to the recom- 
mended radiation concentration guides (1). Be- 
cause the concentration guides are applicable to 
yearly average concentrations, this comparison 
assumes that the meteorological conditions im- 
posed during the sampling period are representa- 
tive of the yearly average conditions. Interpreta- 
tion of the levels of radioactivity observed during 
the survey as representative of yearly average 
concentrations must therefore be interpreted as 
being a conservative approach. 

The gross alpha radioactivity found on 24-hour 
continuous filter samples taken on and near the tail- 
ings are shown in table 4. The background level 
(Tuba City) was found to average 0.007 pCi/m? 
for 4 days of sampling. The average station results 
ranged from about 2 to 1,900 times the average 
background level. Figure 9 shows the average gross 
alpha radioactivity found at each station. It is 
noted that the radioactivity concentrations are 


482 





UPPER Gross Alpha 
“ae Activity (pCi/m3) 


tower__ ***Ra 
VALUE Activity (pCi/m5) 











TAILINGS 





Oar 




















SCALE me FEET 











Figure 9. Long-lived airborne particulate activity, 
Tuba City uranium mill, May 1967 


higher on the tailings area than in the housing or 
mill areas and that the values downwind from 
the tailings area are higher than those upwind. 
The Code of Federal Regulations (1) indicates 
a concentration guide for unidentified natural 
radionuclides in air of 0.08 pCi/m* (when pro- 
tactinium-231 is assumed absent). All stations on 
and in the immediate vicinity of the tailings pile 
except station 4, displayed gross alpha radioac- 
tivity in excess of the concentration guide for 
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unidentified radionuclides. This indicates that 
identification of the specific radionuclides con- 
tributing to the total alpha radioactivity is 
necessary in order to evaluate the potential long 
range health hazard associated with the inhalation 
of the airborne particles. 


Results—radium-—226 


Table 5 indicates the radium-226 concentra- 
tions determined by analyzing 24-hour samples at 
each station. The average concentration for each 
station ranged from about three to 1,000 times the 
average background. Figure 9 indicates the aver- 
age radium-226 concentration at each station. In 
order to assess the potential long-range health 
hazard associated with the inhalation of radium in 
air, the concentrations observed are compared to 
the concentration guide of 2 pCi/m: (1). 


Table 5. Radium-226 activity in air, Tuba City 
uranium mill, May 1967 





Concentration 
(pCi/m*) 
Station 





May 9-10 |May 10-11|May 11-12] Weighted 
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The average radium-226 concentration for 
samplers 2, 3, and 4, located in the housing area 
was 0.02 pCi/m’*. This represents a level equal to 
1/100 of the recommended concentration guide 
(1). 

The average radium-226 concentration for 
stations 5 and 6 is 0.035 pCi/m*. This level of 
radioactivity represents approximately 1/60 of the 
recommended concentration guide (1). 

The average radium-226 values for individual 
sampling stations on the tailings area and down- 
wind from the tailings area ranged from a low of 
0.014 pCi/m? to a high of 5.6 pCi/m’. Station 7 
which was located on the acid tzi' ags and which 
was subjected to a significant dust loading dis- 
played a radium activity concentration of 1.8 pCi, 
m* which is nearly equal to the recommended 
concentration guide of 2 pCi/m:. Station 1, located 
200 feet east and in the predominant downwind 
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direction indicated an average radium-226 con- 
centration of 5.6 pCi/m: or 2.8 times the concen- 
tration guide. 

It is evident that substantial transport of 
radium-226 is occurring in the downwind direction 
and that concentrations in excess of recommended 
concentration guides are occuring. 


Results—other radionuclides 


Of the other radionuclides in the natural 
uranium decay chain, the most significant as 
potential health hazards are the alpha-particle 
emitters. These radionuclides and their appropriate 
concentration guides are: 


Thorium-230, soluble 0.08 pCi/m* 
Natural uranium, insoluble... 2 pCi/m? 
Lead-210, soluble ___________- 
Polonium-210, insoluble 


It is seen that thorium—230 represents the most 
restrictive radionuclide in terms of recommended 
concentration guides. 

The physical pickup and transport of material 
from the pile should theoretically produce the same 
relative distribution of radionuclides in downwind 
air as found in the tailings pile itself (assuming a 
homogeneous pile). For complete equilibrium 
through the uranium series, a gross alpha radio- 
activity to radium-226 ratio of 8 to 1 should exist. 
Because the uranium series is most likely not in 
complete equilibrium, and because there will be 
some contribution from the natural actinium and 
thorium series, some variance in the gross alpha 
radioactivity to radium-226 ratio can be expected. 

Table 6 depicts the gross alpha radioactivity to 
radium-226 ratios found for each 24-hour filter 
sample. The ratio ranged from approximately 1 to 
12, with an average ratio of 4.9. This indicates that 
normal ratios of radium-—226 to gross alpha radio- 
activity were encountered. It is therefore reason- 
able to expect that the ratio of other individual 
radionuclides in the decay series to gross alpha 
radioactivity will be of the same order of magni- 
tude. 

Table 7 indicates the magnitude of the average 
unidentified alpha radioactivity (gross alpha 
radioactivity minus radium-226) for each sam- 
pling station. It is noted that even if all of the 
unidentified alpha radioactivity is attributed to 
thorium-230 (a highly conservative assumption) 
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Table 6. Gross alpha to radium-226 ratios, long-lived 
airborne particulate activity, Tuba City uranium 
mill, May 1967 





Radium—226 
(pCi/m?) 


Sample Gross alpha 
number (pCi/m*) 


Gross alpha/ 
radium-226 
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Assumed to equal 1.00 for averaging. 


Table 7. Unidentified alpha particulate activity in air 
Tuba City uranium mill, May 1967 





Sampling station Unidentified alpha 
( 


i/m*) 











only stations 1, 6, 7, and 10, significantly exceed 
the concentration guide of 0.08 pCi/m:*. If it is 
estimated that thorium-230 comprises approxi- 
mately one-fifth of the unidentified alpha radio- 
activity (as estimated from the corresponding 
alpha to radium ratio), only stations 1 and 7 
exceed the concentration guide of 0.08 pCi/m: for 
thorium-230. 

It is thus concluded that since thorium-230 is 
the limiting radionuclide, no other radioisotopes 
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of the uranium series will exceed their appropriate 
concentration guide except directly on the pile 
and directly downwind from the pile. 

It must be assumed, however, that concentra- 
tions directly downwind from the pile will exceed 
the concentration guide for thorium-—230 as well as 
for radium-226. Even if the thorium—230 com- 
prised only 1/10 of the unidentified alpha radio- 
activity (most likely an underestimate), the radio- 
activity at station 1 would be 0.76 pCi/m: which is 
a factor of 10 greater than the appropriate guide. 
Results—radon gas 

Table 8 summarizes the radon-222 concentra- 
tions found at various sampling times and loca- 
tions. Figure 10 represents the average radon 
concentrations at each sampling location. 

All samples were obtained under unstable 
atmospheric conditions with predominantly strong 
westerly winds. Under these conditions it can be 
expected that atmospheric radon concentrations 
will be minimal due to atmospheric dilution. 

The radiation concentration guide for radon—222 
in air in unrestricted areas is 3 pCi/liter (1).* To 


~ 3 The daughters of radon-222 are assumed present to the 
extent that they occur in unfiltered air. 
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Figure 10. Atmospheric radon-222, Tuba City uranium 
mill, May 1967 
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Table 8. Radon gas radioactivity concentration in air*, Tuba City 
uranium mill, May 1967 





Time | Background 


Radon-222 
(pCi /liter) 





Station 3/Station 5/Station 6|/Station 7| Station 12 





2.3 
1.3 
































* Atmospheric stability for all stations was “ 


evaluate the potential long-range hazard as- 
sociated with the inhalation of radon and its 
progeny, the atmospheric radon concentrations 
are compared to this guide. 

A single background sample was obtained in 
Tuba City and indicated a radon concentration of 
0.1 pCi/liter. 

The tailings area displayed radon concentrations 
averaging 1.8 pCi/liter to 3.5 pCi/liter. These 
values exceed background levels by approximately 
an order of magnitude. Stations 1 and 7 averaged 
slightly above the concentration guide of 3.0 pCi/ 
liter. 

It is significant that the samples were obtained 
under unusual atmospheric conditions. Under 
more stable conditions, higher values might be 
expected. Furthermore, if structures were built 
upon the radon-emanating material, the radon 
concentrations inside the structures would be 
expected to increase. 

Radon concentrations within the mill building 
averaged 1.3 pCi/liter. Again, this is an order of 
magnitude greater than background but only 43 
percent of the recommended concentration guide 
of 3.0 pCi/liter. One outside sample was obtained 
in the mill area and indicated a radon concentra- 
tion of 0.5 pCi/liter, approximately one-sixth 
of the concentration guide. It does not appear, 
based on these very limited data, that a radon 
problem exists in the mill area. 

One radon sample was obtained at the housing 
area and was not significantly above background. 

The concentrations of radon-222 gas as cal- 
culated from radon daughter products, assuming 
equilibrium, are shown in table 9. It is noted that 
the radon-222 concentrations average approxi- 
mately 1/10 to 1/100 of the radon as determined 
directly by gas sampling. It is therefore apparent 
that secular equilibrium assumed in the calcula- 
tions relating radon daughter products to radon 
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gas does not exist. These conditions make the 
equations invalid and subsequently little quantita- 
tive interpretation can be made of the data 
except to say that a low percentage of secular 
equilibrium existed. 


Table 9. Atmospheric radon as calculated from radon 
progeny, Tuba City uranium mill, May 1967 





Radon-222 
(pCi /liter) 





Station 1*| Station 7>| Station 5¢ 




















Average 





* Station 1, 200 feet east of east fence. 
» Station 7, acid tailings. 
¢ Station 5, shop area. 


Results—water sampling 


The gross alpha and gross beta radioactivity, 
and radium-226 concentrations found in water 
samples are shown in table 10. The background 
levels were obtained from a deep well north of the 
tailings area. 

Samples taken from two shallow wells approxi- 
mately 1 to 2 miles from the tailings area showed 
background levels of radioactivity. Based on these 


Table 10. Waterborne radioactivity, Tuba City uranium 
mill, May 1967 





Radioactivity concentration 


Location (pCi/liter) 





Gross alpha | Gross beta | Radium-226 





Tailings raffinate pond-_---_---_- 5,300 
Sewage lagoon overflow______- 160 
Ground water, 2 miles 

southeast 0.8 : 0.15 


89,700 1,200 
200 87 


Ground water, 1 mile south __- 
Moenkopi wash, 1 mile 


59 


.28 
Moenkopi wash, 1.5 miles : 
downstream ----.--.--- ‘ , .28 
Ground water, 0.25 miles 
north (background) - _ - é .22 

















limited data, it does not appear that ground water 
contamination has resulted from leaching of radio- 
aétivity from the pile. 

The Moenkopi wash both upstream and down- 
stream from the tailings pile showed background 
levels of radioactivity. 

The radioactivity concentrations of the raffinate 
pile and sewage lagoon overflow were several 
orders of magnitude above background. Both 
bodies of water are contained entirely within the 
controlled area of the mill and therefore do not 
represent an immediate problem as long as the 
area is restricted. 


Summary 


External gamma radiation on the tailings area 
averaged 0.7 mR/h at 3 feet above the surface, 
which calculates to an average dose of 6.0 rem/a 
for continuous exposure. This exceeds by a factor 
of 12 the currently recommended Radiation 
Protection Guide of 0.5 rem/a for continuous 
whole body exposure to individuals in the general 
population. These findings serve to preclude the 
release of the tailings area for public use. Action 
which would permit release of said area would be 
to cover the tailings with uncontaminated dirt to 
an extent that would diminish the external radia- 
tion to an acceptable level and to stablilize the 
covering against wind erosion. Otherwise, the 
area should be fenced and controlled as a radiation 
area. 

The property extending east of the tailings area, 
beyond the mill property line, in the direction of 
the predominant westerly winds shows significant 
external radiation resulting from transported 
tailings material. The radiation exposure at 3 feet 
above the surface in this area to a distance of 
1,000 feet from the property line was high enough 
to result in an average dose equal to or greater 
than the RPG of 0.5 rem/a for continuous ex- 
posure. Permanent residence in this area should 
be prohibited. 

The mill area exhibited external gamma radia- 
tion levels averaging 0.1 mR/h at 3 feet above the 
surface. This calculates to an annual average dose 
of 0.9 rem for continuous exposure which is approx- 
imately two times the appropriate RPG of 0.5 
rem/a. With reasonable occupancy assumptions, 
however, the annual average dose would probably 
not exceed 0.5 rem. 


486 


The housing area displayed background levels 
of external radiation. 

Significant airborne transport of tailings ma- 
terial east of the mill property is clearly demon- 
strated by visual identification of tailings material 
in this area as well as by the elevated gamma 
radiation levels. 

The radioactivity concentration of radium-—226 
in air at station 1,200 feet east of the property 
fence averaged 5.6 pCi/m*. This represents a 
radioactivity concentration in excess of the 
appropriate concentration guide for insoluble ra- 
dium-226 of 2 pCi/m: by a factor of 2.8. Further- 
more, it was estimated that thorium-230 also 
exceeded its applicable concentration guide by a 
factor of about 10. It must be concluded that con- 
centrations of radium-226 and thorium-230 will 
exceed recommended concentration guides in the 
downwind direction from the pile if it remains un- 
covered and unstabilized. If habitiation of this area 
is to be allowed, stabilization of the tailings pile 
against wind erosion will be necessary. 

The gross alpha and radium-226 activity in air 
in the mill and housing areas were well below the 
applicable radiation concentration guides. 

Radon gas concentrations on the tailings area 
averaged from 1.8 pCi/liter to 3.5 pCi/liter for the 
samples taken. These levels are approximately 
equal to the guide of 3.0 pCi/liter. It should be 
pointed out that this guide is applicable to radon- 
222 and its daughters as they occur in unfiltered 
air. This may be interpreted as meaning radon in 
equilibrium with its daughter products in air. 
Since it was demonstrated that equilibrium did 
not exist between radon and its progeny at least 
at the time of daughter product sampling, it does 
not appear that the guide has been exceeded. 
Levels of radon-222 in the mill and housing areas 
are substantially below the recommended guide. 

It should be emphasized that if enclosed struc- 
tures were to be built on the tailings material, a 
substantial increase in radon concentration would 
occur within the structure and the concentration 
guide may be exceeded. This applies not only to 
the tailings pile but also to the substantial volume 
of tailings material which has already been trans- 
ported outside the mill property east of the pile. 

There is no evidence from current data that 
surrounding ground or surface water has been 
affected by the leaching of radioactive materials 
from the tailings area. 
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On the basis of the data gathered in this survey 
it was recommended that the mill tailmgs be 
properly stabilized against wind erosion. This 
action would preclude further carriage of tailings 
material into the surrounding environment and 
would eliminate the potential long-term hazard to 
anyone inhabiting the area downwind from the mill 
property. 

As a result of the external radiation levels on the 
tailings area, this area should not be released for 
public use in its present state. Action which would 
permit release of the area would be to cover the 
tailings with uncontaminated dirt to an extent 
that would diminish the external radiation to an 
acceptable level and to stabilize the covering 
against wind erosion. 


Followup 


This study was conducted as part of the 
Uranium Mill Tailings Project being conducted 
at the Southwestern Radiological Health Labora- 
tory. The objectives of the project are to gather 
information on the potential health hazards 
associated with uranium mill tailings and to 
institute control action where necessary. 

The recommendations herein were presented to 
the Navajo tribe and to the State of Arizona in 
October 1967. In November 1967, the State of 
Arizona directed the E] Paso Natural Gas Com- 
pany to stabilize the pile against wind erosion and 
to fence and post the property to prevent access 
by unauthorized people. 
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El Paso Natural Gas Company, in cooperation 
with the U.S. Bureau of Mines’ Metallurgy 
Research Center, regraded, fenced and chemically 
stabilized the pile against wind erosion in May 
1968 (3). The housing area was released to the 
Navajo tribe and is presently occupied. 

An inspection of the tailings area in May 1969 
indicated that the chemical binder had maintained 
its integrity. 


Mention of commercial products is not to be construed as 
an endorsement by the Public Health Service. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, July 1969 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may be 
released to the environment from nuclear ac- 
tivities. In addition, milk is produced and con- 
sumed on a regular basis, is convenient to handle 
and analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentrations 
and long-term trends. From such information, 


public health agencies can determine the need for 


further investigation and/or corrective public 
health action. 

The Pasteurized Milk Network, (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Compliance, Food and Drug 
Administration, U.S. Public Health Service, con- 
sists of 63 sampling stations; 61 located in the 
United States, one in Puerto Rico, and one in the 
Canal Zone. Many of the State health depart- 
ments also conduct local milk surveillance pro- 
grams which provide more comprehensive coverage 
within the individual State. Data from 15 of these 
State networks are reported routinely in Radio- 
logical Health Data and Reports. Additional net- 
works for the routine surveillance of radioactivity 
in milk in the Western Hemisphere and their 
sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and USS. 
Public Health Service)—5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data and 
Reports are shown in figure 1. Based on the similar 
purpose for these sampling activities, the present 
format integrates the complementary data that 
are routinely obtained by these several milk 
networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
occur in or are formed as a result of nuclear 
fission become incorporated in milk (1). Most of 
the possible radiocontaminants are eliminated by 
the selective metabolism of the cow, which re- 
stricts gastrointestinal uptake and secretion into 
the milk. The five fission-product radionuclides 
which commonly occur in milk are strontium-89, 
strontium-90, iodine-131, cesium-137, and bar- 
ium-140. A sixth radionuclide, potassium—40, 
occurs naturally in 0.0118 percent (2) abundance 
of the element potassium, resulting in a specific 
activity for potassium-40 of 830 pCi/g total 
potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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for assessing the biological behavior of metabol- 
ically similar radionuclides (radiostrontium and 
radiocesium, respectively). The contents of both 
calcium and potassium in milk have been measured 
extensively and are relatively constant. Appro- 
priate values and their variation, expressed in 
terms of 2-standard deviations, for these con- 
centrations are 1.16 + 0.08 g/liter for calcium 
and 1.51+ 0.21 g/liter for potassium. These 
figures are averages of data from the PMN for the 
period, May 1963—-March 1966 (3) and were 
determined for use in general radiological health 
calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making its 
determinations and the agreement of the measure- 
ments among the laboratories. The Analytical 
Quality Control Service of the Bureau of Radio- 
logical Health conducts periodic studies to assess 
the accuracy of determinations of radionuclides in 
milk performed by interested public health radio- 
chemical laboratories. The generalized procedure 
for making such a study has been outlined pre- 
viously (4). 

The most recent study was conducted in 
December 1968, with 37 laboratories participating 
in an experiment on milk samples containing 
known concentrations of strontium-89, strontium-— 
90, iodine-121 and cesium-—137. Of the 19 labora- 
tories producing data for the networks reporting 
in Radiological Health Data and Reports, 18 parti- 
cipated in the experiment. 

In general, the results for iodine-131 and 
cesium-137 are encouraging, but the results for 
strontium-89 and strontium-90 need improve- 
ment (5). Keeping these possible differences in 
mind, integration of the data from the various 
networks can be undertaken without introducing 
a serious error due to disagreement among the 
independently obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 
networks that report regularly were surveyed for 
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information on analytical methodologies, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, and 
the gamma-ray emitters (potassium-—40, iodine— 
131, cesium-137, and barium-140) are determined 
by gamma-ray spectroscopy of whole milk. Each 
laboratory has its own modifications and refine- 
ments of these basic methodologies. The methods 
used by each of the networks have been referenced 
in earlier reports appearing in Radiological Health 
Data and Reports. 

A recent article (6) summarized the criteria used 
by the State networks in setting up their milk 
sampling activities and their sample collection 
procedures as determined during a 1965 survey. 
This reference and earlier data articles for the 
particular network of interest may be consulted 
should events require a more definitive analysis 
of milk production and milk consumption coverage 
afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis varies not only among the 
networks, but also at different stations within some 
of the networks. In addition, the frequency of 
collection and analysis is a function of current 
environmental levels. The number of samples ana- 
lyzed at a particular sampling station under 
current conditions is reflected in the data presenta- 
tion. Current levels for strontium—90 and cesium- 
137 are relatively constant over short time periods 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine—-131, 
the frequency of analysis is critical, and is generally 
increased at the first measurement or recognition 
of a new influx of the radionuclide. 

The data presentation also reflects whether 
raw or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during the period, January 1964 to June 
1966, indicated that for relatively similar milk- 
shed or sampling areas, the differences in con- 
centration of radionuclides in raw and pasteurized 
milk are not statistically significant. Particular 
attention was paid to strontium-90 and cesium-— 
137 in that analysis. 





Practical reporting levels were developed by the 
participating networks, most often based on 
2-standard deviation counting errors or 2-stand- 
ard deviation total analytical errors from replicate 
analyses experiments (3). The practical reporting 
level reflects additional analytical factors other 
than statistical radioactivity counting variations 
and will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal to or 
less than the given value. 


Practical reporting 
level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-—137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the 
handling of individual sample determinations. The 
treatment of measurement equal to or below these 
practical reporting levels for calculation purposes, 
particularly in calculating monthly averages, is 
discussed in the data presentation. 

Analytical errors of precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). The 
precision errors reported for each of the radionu- 
clides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels >100 pCi/ 
liter 


Radionuclide 
Strontium-89 





Strontium-90 


Cesium-—137 


Iodine-131 
Barium-—140 


For iodine-131, cesium-137, and barium—140 
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there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter for 
Colorado. This is reflected in the practical report- 
ing level for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environment conditions is presented below. 
The function of the Council is to provide guidance 
to Federal agencies in the formulation of radiation 
standards. 


Radiation Protection Guides (8,9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not be 
exceeded without careful consideration of the 
reasons for doing so; every effort should be made 
to encourage the maintenance of radiation doses 
as far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exercised 
primarily at the source through the design and use 
of nuclear material. It represents a balance be- 
tween the possible risk to the general public that 
might result from exposures from routine uses of 
ionizing radiation and the benefits from the 
activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a. 1-liter per day intake of 
milk, one can ‘utilize the graded approach of daily 
intake on the basis of radionuclide content in 
milk samples collected to represent general 
population consumption. Under these assump- 
tions, the radionuclide concentrations in pCi/ 
liter of milk can replace the daily radionuclide 
intake in pCi/day in the three graded ranges. 
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Table 1. 


Radiation Protection Guides—FRC recommendations ana related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 


Guidance for suitable samples of exposed population group* 





Nuclide Critical organ general 
population 


(rad /a) 


RPG Corresponding con- 
(rad/a) 


Range III 


Range II 
(pCi/day)> (pCi/day)> 


Range I 
(pCi/day)> 


tinuous daily intake 
i/day) 





Strontium-89 
Strontium-90 


Iodine-131 
Cesium-137¢ 


itt conmedivd 
Bone marrow 











42,000 
4200 0-20 


100 0-10 
3,600 0-360 


200-2 ,000 
20-200 


10-100 
360-3 ,600 


2 ,000-20 ,000 
200-2 ,000 


100-1 ,000 
3 ,600-36 ,000 

















* Suitable samples which represent the limiting conditions for this guidance are: strontium-89, strontium-90—general population; iodine-131— 


children 1 year of age; cesium-137—infants. 
on an average intake of 1 liter of milk per day. 


e on dose of 1.5 rad/a to the bone is estimated to okey in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-89 and strontium-90, the Council's study indicated that there is currently no operational requirement for an intake value as high as one 
corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


Protective Action Guides (10,11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a contam- 
inating event. A PAG provides general guidance 
for the protection of the population against 
exposure by ingestion of contaminated foods 
resulting from the accidental release or the un- 
foreseen dispersal of radioactive materials in the en- 
vironment. A PAG isalso based on the assumption 
that such an occurrence is an unlikely event, and 
circumstances that might involve the probability 
of repetitive occurrences during a one or two year 
period in a particular area would require special 
consideration. Protective actions are appropriate 
when the health benefits associated with the 
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reduction in exposure to be acheived are sufficient 
to offset the undesirable features of the protective 
actions. 

Table 2 presents a summary of guidelines as set 
forth by the FRC for the conditions under which 
PAG’s are applicable. A more detailed discussion 
of these values was presented earlier (3). Also given 
in table 2 are milk concentrations for each of the 
radionuclides considered, in the absence of others, 
which if attained after an acute incident, would 
result in doses equivalent to the appropriate PAG. 
These concentrations are based on a projection of 
the maximum concentration from an idealized 
model for any acute deposition and the pasture- 
cow-milk-man pathway, as well as an estimate of 
the intake prior to reaching the maximum con- 
centration. Therefore, these maximum concen- 
trations are intended for use in estimating future 


Protective Action Guides—FRC recommendations and related information 


pertaining to environmental levels during an acute contaminating event 





Critical 
Radionuclide organ 


PAG for individ- 
uals in general 
population 
(rads) 


Category (pasture-cow-milk) 





Guidance for suitable sample, children 
1 year of age 





Maximum concentration in 

PAG milk for single nuclide 

(rads) that would result in PAG 
(pCi /liter) 





Strontium-89 
Strontium-90 
Cesium-137 


Bone marrow. - 
Bone marrow - - 


10 in first yr; 
total dose not to 
Whole body-.--| exceed 15*> 


3 in first yr; total 


#1 ,110,000 
dose not to exceed °51 ,000 
5ab 


¢720 ,000 








Iodine-131 Thyroid 





10 #70 ,000 











® The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the nu- 


merical value of the respective guide. 


> Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 is 
5 times strontium-90 dose in first year for children approximately 1 year of age. 
¢ These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a 


PAG dose if that 


rtion of intake prior to the maximum concentration in milk is not considered. Children, 1 year 


of age, are casemetl t be the critical segment of the population. 
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Figure 2. State and PMN milk sampling locations in the United States 


intake on the basis of a few early samples rather 
than in retrospective manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health 
Data and Reports. (The relationship between the 
PMN stations and State stations is shown in 
figure 2). The first column under each of the 
radionuclides reported gives the monthly average 
for the station and the number of samples ana- 
lyzed in that month in parentheses. When an 
individual sampling result is equal to or below the 
practical reporting level for the radionuclide, a 
value of zero is used for averaging. Monthly 
averages are calculated using the above conven- 
tion. Averages which are equal to or less than the 
practical reporting levels reflect the presence of 
radioactivity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radionu- 
clides reported gives the 12-month average for the 
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station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-89, strontium—90, iodine-131, and ce- 
sium-—137 for July 1969 and the 12-month period, 
August 1968-July 1969. Except where noted the 
monthly average represents a single sample for 
the sampling station. Barium—140 data has been 
omitted from table 3 since levels at the great 
majority of the stations for July 1969 were below 
the respective practical reporting levels. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council (see 
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Table 3. Concentrations of radionuclides in milk for July 1969 and 12-month period, August 1968 through July 1969 


Radionuclide concentration 
(pCi /liter) 





Type of 
Sampling location sample* Strontium-89 Strontium-90 lodine—131 Cesium—137 


| 


Monthly 12-month Monthly 12-month Monthly 12-month Monthly 12-month 
average” average average” average average” | average average» average 


UNITED STATES: 





Montgomery* 
Palmer¢ 
Phoenix¢ 
Little Rocke 
Sacramento‘ 
San Francisco* 
Del Norte 
Fresno 
Humboldt 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 
Shasta 
Sonoma 
Colo: Denver¢ 
West___. 
Northeast 
East 
Southeast 
South central 
Southwest 
Northwest. 
Conn Hartforde 
Central 
Del: Wilmingtone 
D.C: Washingtons 
Fla: Tampa‘ 
fest... 
North_- 
Northeast 
Central _ 
Tampa Bay 
area _ 
Southeast 
Atlanta. __ 
Honolulue 
Idaho Fallse 
Chicago* 
Indianapolis® 
Northeast 
Southeast 
Central 
Southwest. 
Northwest_- 
Des Moinese - - 
Iowa City _ -- 
Des Moines - 
Spencer _ _ 
Charles City 
Wichitae _ 
Louisville*_ 
New Orleans* 
Portlande__- 
Baltimore*___- 
Mass: Boston¢ 
Mich: _Detroite- 
Grand Rapids 
Bay City. 
Charlevoix_.- 
Detroit___- 
Grand Rapids. 
Lansing - - . 
Marquette. 
Monroe - bed 
South Haven 
Minneapolis¢__- 
Bemidji 
Mankato 
Rochester 
Duluth__- 
Worthington 
Minneapolis 
Fergus Falls 
Little Falls | 
Miss: Jackson¢ 
Mo: Kansas City 
St. Louise 
Mont: Helena‘ 
Nebr: Omahat _- 





to —_— — 


SOWUrtrOwwe. WOO Bee 





CoUNwKuro 
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Nev: Las Vegas* 


See footnotes at end of table. 
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Table 3. Concentrations of radionuclides in milk for July 1969 and 12-month period, 
August 1968 through July 1969—Continued 








Radionuclide concentration 
(pCi /liter) 





Type of , ; 
Sampling location sample* Strontium-89 Strontium-—90 Iodine-131 Cesium—137 











Monthly 12-month Monthly 12-month Monthly 12-month M@9nthly 12-month 
average” average average” average average” average average» average 





Manchester* 
Trentone- 
—-. 


ehhaien oo 
wi LY aaune 


New York City 
Syracuse ------. 
Charlottes _ - 
Minote-__.- -. 
Cincinnati¢ _ - 
Clevelande 
Oklahoma City* 
Oklahoma City 


—_— 
Sow 


ccooesoscooscososoo 


OOO AO mm UINIBS NN 


NI COBUNABONS=Swon 


ecooocoocecece|coc]esco 
N 


_ oe 
-onoo~--~ 


Portlande______ 
a 
Coos Bay------ 
Eugene-_-_--- 
Medford _ - 
Portland 
composite _ 
Portland local_- 


— a 


to 
CVoun, Beh WO 


Philadelphiac _ - 
Pittsburghe-- 


. 
Poouw Nwwnre 


Eri 

Philadelphia 
Pittsburgh 
Providence? ___- 
Charlestone___- 
Rapid City*___- 
Chattanooga’ _- 
Memphis¢ 
Chattanooza__ 
Clinton _---...- 
Knoxville -__-- 


mem De we mWOO 


Amarillo _-_ --- 
ces us Christi 
Fort ¥ Ww vorth. 3 
Harlingen _ 


Midland_____- 
San Antonio _-- 


= 
AW OUS=NONWORUABDWARNINO 


- — 
SCACOCKHHSOCOSCOSSCAWUw 


Wichita Falls _-_ 
Salt Lake Citys 
Burlingtone__ _- 
Norfolke______- 
Seattles sae 


Benton County - 
Franklin 
County - 
Sandpoint, 
Idaho_ 
Skagit County - 
W.Va: Charlestone.-- 
Wisc: Milwaukee _- 
Wyo: Laramie* 
CANADA: 
Alberta: Calgary 
monton_. 


British Columbia: 
Vancouver--_-_-- 


_ 
~ 


_ 


Oe UU UU UD UU UU UUR UU'U sou y UU UU UU UU UU UT UU UU UU UU 


od 


cocoo oc coooceooocoocececessoooesc“orocesseessso © oo 
SCHOKR SC BOONNNWO 
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See footnotes at end of table. 
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Table 3. Concentrations of radionuclides in milk for July 1969 and 12-month period, 








Type of + 


Sampling location sample* Strontium-89 





Monthly 
average” 


12-month 
average 


Monthly 
average» 


CANADA 





-Continued 


Manitoba: 
‘innipeg 
New Brunswick: 
Fredericton 
Newfoundland: 
St. Johns- 
Nova Scotia: 
Halifax____ 
Ft. William __- 
| 
Saulte Ste. 
Marie_- 
Toronto-- - 
Windsor-___ 
Montreal_ 
Quebec -_- 
Saskatchewan: 
gina. _- 
Saskatoon 


CENTRAL AND 
SOUTH AMERICA: 


- 


| 


v 


a 


Ontario: 


Quebec: 


wvwuwv'U'y V'U'U 








Columbia: 
Bogota_.- 

Chile: Santiago 

Ecuador: 


Guayaquil- 
Jamaica: Kingston 
Venezuela: 

Caracas 
Canal Zone: 

Cristobale 
Puerto Rico: 

San Juan‘ 


PMN Network average'- 











August 1968 through July 1969—Continued 


Strontium—90 





Radionuclide concentration 
(pCi /liter) 





lodine—131 Cesium—137 





| 
12-month 
average 


12-month 
average 


|} 12-month 
average 


Monthly 
average” 
| 


Monthly 
average” 











* P, pasteurized milk. 
R, raw milk. 





b When an individual sampling result was equal to or less than the practical reporting leve!, a value of ‘‘0’’ was used for averaging. Monthly averages less 
than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 

¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 


4 Radionuclide analysis not routinely performed. 
¢ The practical reporting levels for these networks differ from the general ones 
than the following practical reporting levels: 
Iodine-131: Colorado-25 pCi/liter 
Michigan-14 pCi/liter 
Oregon-15 pCi/liter 


giving in the text. Sampling results for the networks were equal to or less 


Cesium-137: Colorado-25 pCi/liter 


New York-20 pCi/liter 
Oregon-15 pCi/liter 


‘ This entry gives the average radionuclide concentrations for the PHS Pasteurized Milk Network stations denoted by footnote 


NA, no analysis. 
NS, no sample collected. 


table 1), levels in milk for this radionuclide are of 
particular public health interest. In general, the 
practical reporting levels for iodine-131 is numer- 
ically equal to the upper value of Range I (10 
pCi/liter) of the FRC radiation protection guide. 
Strontium-90 monthly averages ranged from 
0 to 26 pCi/liter in the United States for the month 
of July 1969 and the highest 12-month average was 
20 pCi/liter (Del Norte, Calif. and Duluth, 
Minn.), representing 10 percent of the Federal 
Radiation Council radiation protection guide 
(table 1). St. Johns, Newfoundland reported an 


November 1969 


average of 36 pCi/liter for strontium—90. Cesium-— 
137 monthly averages ranged from 0 to 110 pCi/ 
liter in the United States for the month of July 
1969 and the highest 12-month average was 111 
pCi/liter (southeast Florida), representing 3 per- 
cent of the value presented in this report using 
the recommendations given in the Federal Radia- 
tion Council reports. Of particular interest are the 
consistently higher cesium—137 levels that have 
been observed in Florida (1/2) and Jamaica. Iodine- 
131 monthly averages were all below the practical 
reporting level. 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows. 


Issue 





California Diet Study 
Connecticut Diet Study 
Tri-City Diet, HASL 
Institutional Diet 


November 1969 


November 1967-September 1968 

January-June 1968 

January-June 1968 

Annual summary 1968 and 
January— March 1969 


May 1969 
November 1968 
April 1969 


October 1969 





Carbon-14, Tritium, and Plutonium-239 in Milk and Total Diet 
July 1965 to December 1968 


Bureau of Radiological Health 
U.S. Public Health Service 


The Bureau of Radiological Health initiated a 
program in July 1965 to determine the levels of 
carbon-14, tritium, and plutonium-239 in the 
total diet and milk in the United States. Initially, 
monthly samples from each of the PHS Institu- 
tional Total Diet Sampling Network (ITDSN), 
and Pasteurized Milk Network (PMN) stations 
were composited and analyzed according to six 
selected regions: Northeast, South, Delta, Central, 
Southwest, and Northwest. Figure 1 shows the 
ITDSN and PMN sampling stations in each of the 
designated regions. 

In January 1966, it was decided to obtain and 
analyze samples from selected stations in each of 
the previously mentioned regions, and to include 
Alaska and Hawaii in the program. Nine geo- 
graphically distributed sampling stations were 
selected: Boston, Mass; Chicago, Ill; Charleston, 
S.C; New Orleans, La; Idaho Falls, Idaho; Port- 
land, Ore; Los Angeles, Calif; Palmer, Alaska; and 
Honolulu, Hawaii. Los Angeles, Calif., is not a 
PMN station, but a special milk sample is col- 
lected for purposes of comparison with the 
routine ITDSN sample. 

A 1-liter milk sample and a 2-kilogram food 
sample are sent to the PHS Northeastern Radio- 
logical Health Laboratory for analysis. The milk 
samples analyzed represent a composite of the 
samples collected during the last 2 weeks of the 
month, and the total diet samples analyzed 
represent the samples collected for that month. 


Analytical procedures 


Tritium analyses are performed monthly, car- 
bon-14 analyses are done semiannually, and 
plutonium-—239 analyses are performed on 6-month 
composite samples. Carbon-14 content is deter- 
mined by oxidation of the milk or food sample and 
collection and purification of the evolved carbon 
dioxide; the carbon dioxide is then converted to 
methane and counted in a _ gas-proportional 
counter (1). The aqueous portion of the sample 
is collected and retained for tritium determination 
when the carbon-14 analysis is required; other- 
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Table 1. Plutonium-239 in milk and total diet, 1966-1968 





Concentration 
(fCi/kg) 


Milk | Total diet 


Location Collection period 





Boston 


LLOLZZZ 
whe lelelo) 


Charleston 


New Orleans 


ZLZLZLZLZ* LZLZLZZZ> 
DOOOda OdooooE 


7 /68-12 /68 


1 /66-6 /66 
7 /66—12 /66 
a yy 


7 /68-12 /68 


1 /66-6 /66 

7 /66-12 /66 
1 /67-6 /67 

7 /67—* 12/67 
1/68-6 /68 

7 /68—12 /68 


-| 1/66-6/66 

7 /66—12 /66 
1 /67-6 /67 

7 /67—* 12/67 
1 /68-6 /68 

7 /68-12 /68 


-| 7/66-12 /66 
1 /67-6 /67 

7 /67—* 12/67 
1/68-6 /68 

7 /68-12 /68 


Chicago 


ZZZrZe 
Aelel ler 


Idaho: Idaho Falls_--_- 


ZZZ~ 
Ue 


Portland_ 


Palmer - 


Hawaii: Honolulu 6/66 

7 /66—12 /66 
1/67-6/67 

7 /67—* 12/67 
1/68-6 /68 

7 /68-12 /68 


ZLZZZ LZLZAZZ 
OUoo VOSS 


Los Angeles - - - - - - : 1 /66-6 /66 

7 /66-12 /66 
1 /67-6 /67 

7 /67—* 12/67 
1/68-6 /68 


7 /68-12 /68 














* Discontinued plutonium—239 analysis on milk as of July 1967. 
ND, nondetectable, less than 2-sigma counting error. 
NS, no sample. 


wise, the sample is collected by distillation. In 
some cases, the sample is electrolytically enriched 
(1) prior to liquid scintillation counting. The 
procedure for plutonium-239 analysis has been 
reported previously (2). 
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Figure 1. ITDSN and PMN sampling stations 


Results and discussion 


Plutonium-239 results for July-December 1965 
have been reported previously (2). The data for 
plutonium-239 in milk for January 1966—June 
1967 are shown in table 1. The results indicated 
that plutonium-239 was not present in detectable 
quantities, and, as a result, the analysis of milk 
for plutonium-—239 was discontinued in June 1967. 


The data for plutonium-239 in total diet 
samples for January 1966—-December 1968 are also 
given in table 1. For January-June 1966, pluto- 
nium-—239 was generally present in relatively low 
but detectable amounts in food samples with a 
maximum concentration for this period of 7.9 
fCi/kg. Since June 1966, concentrations of pluto- 
nium-239 in tote] diet samples have been generally 
below detectable limits. The minimum detectable 
radioactivity for plutonium-239 is 15 fCi in any 
given sample. ND has been used in table 1 to 
represent samples with a radioactivity less than 
or equivalent to this value. 
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The data obtained from the selected regions 
during the period, July-December 1965, for car- 
bon-14 in total diet and milk are given in 
table 2. The mean carbon-14 concentration in 
food for the 6-month period ranged from 1,010 to 
1,220 pCi/kg. The mean for all stations for this 
period was 1,120 pCi/kg. For milk during this 
period, the mean carbon-14 concentration ranged 
from 550 to 620 pCi/kg. The mean for all stations 
was 570 pCi/kg. 


From January 1966 through December 1968, 
analysis for carbon—14 was done on a semiannual 
basis (in April and October) for samples from each 
of the nine selected stations. These data are given 
in table 3. The mean for all stations for each half 
year for total diet increased from 1,130 pCi/kg ir 
April 1966 to 1,300 pCi/kg in April 1967, but 
since then has steadily decreased to 1,030 pCi/kg 
in October 1968. For milk, the values appear to be 
about the same as in 1965, with the suggestion of 
a spring rise for the April samples. 





Table 2. Carbon-1l4 in milk and total diet, July 1965- 
December 1965 





| Concentration 
Date collected (pCi/kg) 
Region (1965) 


Total diet Milk 





Northeast--- 


November. 
December - 


| October 
November. 
December - - - 





| September---- -- 

| October 

| November- --- 
December 


Southwest 


| November- --..----- 
December - - - - - - - 


Mean 





Northwest 


| October _--- 
| November- - - - 
December - - 








October _ - 
November- - 

















NS, no sample. 


The results for tritium in milk and total diet for 
the period, July-December 1965, are given in table 
4. Detectable values ranged from 1.5 to 4.9 nCi/kg 
for food samples and from 1.7 to 8.9 nCi/kg for 
milk samples, since none of these samples were 
enriched. 

The results for tritium in milk and total diet for 
1966, 1967, and 1968, are given in tables 5, 6, and 
7, respectively. For 1966, the detectable values 
ranged from 0.4 to 9.9 nCi/kg for food samples and 
from 0.8 to 5.9 nCi/kg for milk samples; the aver- 
age for the electrolytically enriched samples was 
1.2 nCi/kg for food and 1.4 nCi/kg for milk. In 
1967, the detectable values ranged from 0.4 to 2.7 
nCi/kg for food samples and from 0.3 to 3.6 pCi/kg 
for milk samples; the average for the electrolyti- 
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cally enriched samples was 0.7 nCi/kg for food and 
0.6 nCi/kg for milk. In 1968, the detectable values 
ranged from 0.4 to 2.2 nCi/kg for food samples and 
0.5 to 1.7 nCi/kg for milk samples; the average 
for the electrolytically enriched samples was 0.6 
nCi/kg for diet and 0.5 nCi/kg for milk. For aver- 
aging purposes, zero was used for those samples 
with concentrations below detectable limits. The. 
number of samples with less than detectable con- 
centrations increased markedly between 1966 and 
1968, and this is reflected in steadily decreasing 
average values during this period. 


Table 3. Carbon-14 in milk and total diet, April 1966- 
October 1968 








Concentration 


Location Date collected (pCi/kg) 


Total diet 





Boston April 1966-- ---- - -- 
Oct. 1966_-- - - 
April 1967- - - -- 
A A EE 
April 1968- - -- - --- 
Oct. 1968__- 


Charleston April 1966- 


New Orleans 


April 1967___-...__- 
Oct. ee 


Chicago--_-. April 1966 

Oct. 1966_------ 
OS 
Oct. 1967-_--- - 

April 1968-- -- 

Oct. 1968_----- 
Idaho: Idaho Falls__---- 
April 1967-_-------- 
Oct. 1967...... 
April 1968_ 

Ss Ee 
Portland- April 1966-- --- ---- 
Oct. 1968....... 
April 1967-_- 

Oct. 1967-_- 

April 1968__ 

Oct. 1968... ---- 
Los Angeles - - - April 1966- 

Oct. 1966_-- 

| April 1967------ 
Oct. 1967-_--- - 
April 1968- 

Oct. 1968__- 
Palmer Oct. 1966_- 
April 1967 -_- 
Oct. 1967__- 
April 1968__ _. 
Oct. 1968__- 
Hawaii: Honolulu Oct. 1966: .----- 
April 1967 -- - - 
Oct. 1967. _-- - 
April 1968_ 

Oct. 1968 _- 

















Radiological Health Data and Reports 





Table 4. Tritium content of total diet and milk July- Table 5. Tritium content of total diet and milk, 1966 
December 1965 —continued 








Concentration Concentration 
Region Date collected (nCi/kg) Location Data collected (nCi/kg) 
(1965) (1966) 





Total diet Milk Total diet 











Northeast -- . July - - 
August_- 
September-- 
October - - 
November. 
December 


July - 
August_- i 
September _- 
October - 
November. 
December 


Idaho: Idaho Falls January- 
February. 
March 
April--_- 
May- 

une- 
July - 
August__ 
September _- 
October _ - 
November. 
December 


| oa 
er eleX Tr aelel. 
. 
WAZA ALZwZwZZ» 
OOn oOneaD0ad 


L-wLZZZ LZVwLZZZ 
46 
— 


New Orleans January- 
February- 
March 
April_-_-_- 
May. 
June- 

July 
August__ 
September__ 
October _ - 
November. 
December 


aa 


July - 
August. - 
September-- 
October _ - 
November. 
December - 


Oe we 
. 
» oe 
Dead 
ZZZNw 


LL-LOwLZwe ZL wZZu"ZZo 


Om 


Southwest July 
August-- ‘ 
September- 
October _ - - 
November- 
December 


Northwest . July 
August__- 
September - 
October _ _- 
November-.- 
December 


WALZLLALZ wweZwwr 


se wODDDD ww 


Chicago-_- January 


— 
~ 


2224-2 
whole} 
LZLZe0? ZZ 
jeohelel<y. Ty. 1) 


Z 
0 


Central. July - 
August--- -- 
September - 
October - - - - 
November-_ 
December 


AZ 
~)~) 


November- 
December 


nv Z 
o 0 


Charleston January- 


ZwoZerww 
Oe Dore 














ND, nondetectable, less than 20 counting error. 
NS, no sample. 


2.8 
3.0 
4.8 
ND 
ND 
1.9 
3.0 
ND 
1.3 
5.9 
N 


D 


Table 5. Tritium content of total diet and milk, 1966 November-_- 
— December _ 





Concentration Bost January- 
Location | Date collected (nCi/kg) oo February - 
(1966) 


fg nsigtnniggetatiaiapeanitieme March 
‘ ; April_-__- 
| Total diet Milk May-.- 
po June--_- 

| July _ 


AZLZZZWw > Za 





Calif: Los Angeles | January- August__ 


February- Pa .| .§ NS September-__ 
March N NS October _ _ - 
(See I NS November- 

| May- ee 3. N December 
June- | } NS 


July _ - 
August--- 
September-- August_____- 
October ‘ September __ 
November. N NS October 
December N NS November- 


December 


wloloh a. jeror) 


Hawaii: Honolulu June- 
July 


Ore: Portland | ipauary - ' - } 
ebruary- -- -- ) 3. Alaska: 
March aske 
April__- 
May-- 
June- 
July - 
August_ 
| September 
October 
November- 
December 


Palmer July 
August__ 
September-.- 
October _ - 
November- 
December 




















* Electrolytically enriched. 
ND, nondetectable, less than 2¢0 counting error. 
NS, no sample. 


ZZZOZON 
Boga acn 
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For comparison purposes, Shleien determined 
dose commitments to adult individuals in the 
Northeastern part of the United States due to 
tritium and carbon-14 in the total diet (3). Using 
the data in this report, he found that the whole 
body dose is 0.4 mrem in 50 years for tritium and = Table 6. Tritium content of total diet and milk, 1967 
the gonadal dose is 1.1 mrem in 50 years for aiseppieaiieniehnngeaaneaae 
carbon-14. These doses can be compared to a 
natural radioactivity dose of approximately 5 rem 
in 50 years. Total diet 





| Concentration 
Location Data collected (nCi/kg) 
(1967) 








Chicago_........] January- -- 
February- 
March 
April_-_-- 
May- 
June-- 
July— : 
e P e = August_- ‘ 
Table 6. Tritium content of total diet and milk, 1967 September... 
October _- - - - - -- 
November. 


ZZ" ZZV 
Uw 


a i 
wwe or 





Concentration 


4 3) t 
Location Date collected (nCi/kg) December 
(1967) 


Charleston January- --- 
February- -- 
March 

April_-_-_- 

May.- - 

June- - - 

July - 
ene 
September--_---_- 


November 
December 





Calif: Los Angeles _.| January-- 
February- -- - 


September- -- 
October - - - 
November- 
December - - - - 


Boston ; January 
February- -- 
March 
April_ 

Bay... ..- 
June- , 
c_ 2 
August-_-- ; 
September-- 
October 
November- - 
December 


LLL" ZALZ 
DOA 
ZZZ" vz 


Ore: Portland___..._.| January- 
February- 





ZAZZZw° 


October... Hawaii: Honolulu ..| January- - 


November- 
December 


LZLZ-LZLZ°LZLZZZZ° 
OHOaddedDoo0ova 


Idaho: Idaho Falls___- January - 
February- 
March__ 
April__-_- 
May. 
June. 
July _ _-- 
August__- 
September-- 
October 
November. 
December 


September-- 
October _ - 
November. 
December 
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Alaska: Palmer January- 
February- 
March. 
April_-__- 
New Orleans___.| January- _- 

February. July. 

March ; , August 

April_-_- iN s September - 

May - --- : : October - 

sape- --e - : : November- - 

ps at 35 ND ; December 

September -__- ; } N eo 
October - - , N I * Electrolytically enriched. 

November. - . ND, nondetectable, less than 20 counting error. 
December - - - - - of ‘ NS, no sample. 
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Table 


7. Tritium content 





Location 


Date collected 
(1968) 


| 
Concentration 
(nCi/kg) 


Total diet 





Los Angeles 


Portland- 


Idaho: 


Idaho Falls 


New Orleans 


Chicago-_- 


November 1969 








January. 


August-_-_- - 
September-- 
October - - 
November- 
December 


January- 
February. 
March 
April_-_-_- 
May- 
June. 

July - : 
August. - 
September - 
October 
November. 
December 


January- 
February- 
March 
April__-- 
May- 
June-- 
July - 


| August__- 


September -_- 
October _- 
November- - 
December 


January 
February- 
March 
April___- 
May- 
June-- 
July - 
August--- - 
September-_- - - 
October. - 
November. 
December 


January- 
February 
March 

April 

May-. 

June- 

July _ - 
August-- ‘ 
September. -- 
October 
November 
December 
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total diet and milk, 


Location 





Concentration 
(nCi/kg) 





Total diet Milk 





Charleston _ - 


| September. 


Mass: Boston 


October - - - 


November-_- 


December 


January - 
February. 
March 
April___- 


| May- 
| June. 


Hawaii: Honolulu 


Alaska: Palmer 





NS, no sample. 


July - 


August-__-_-- 
September-.- 
October - - - 
November- 


December 


| January. 


February- 


October _ - 


November. 


December 


| January- 


February- 
March 
April__- 
May-- 
June--- 
July _ 
August__ 


September _- 


October _ - 


November- 


December 


* Electrolytically enriched. 
ND, nondetectable, less than 20 counting error. 


internal radiation 


exposure based on dose commitments from radionuclides in 
milk, food, and air. To be published. 
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SECTION Il. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate extensive 
water quality sampling and analysis programs for 
surface, ground, and treated water. Most of these 
programs include determinations of gross beta and 
gross alpha radioactivity and specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of 2 drinking water supply containing radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


Water sampling program 





respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for con- 
trol action. In the known absence! of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a num- 
ber of Federal and State programs are published 
periodically to show current and long-range trends. 
Water sampling activities recently reported in 
Radiological Health Data and Reports are listed 
below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, respec- 
tively. 


Period reported Issue 





Colorado River Basin 

Drinking Water Analysis Program 
Florida 

Kansas 

New York 

North Carolina 

Washington 


1967 

1961-1966 

1967 

July-December 1967 
July-December 1968 
January—December 1967 
July 1967-June 1968 


December 1968 
August 1968 
February 1969 
November 1968 
September 1969 
May 1969 

June 1969 
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(2) FEDERAL RADIATION COUNCIL. Radiation Pro- 
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the President, September 1961. Reprint from the Federal 
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terial for the development of Radiation Protection Stand- 
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Government Printing Office, Washington, D.C. 20402 
(May 1960). 
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ards, Report No. 2. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402 
(September 1961). 
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Gross Radioactivity in Surface Waters of the United States 
April 1969 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun in 
1957 as part of the Water Pollution Surveillance 
System currently operated by the Federal Water 
Pollution Control Administration. Table 1 presents 
the current preliminary results of the alpha and 
beta radioanalyses. The radioactivity associated 
with dissolved solids provides a rough indication 
of the levels which would occur in treated water, 
since nearly all suspended matter is removed by 
treatment processes. Strontium-90 results are 
reported semiannually. The stations on each river 
are arranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta radioactivity in suspended plus 
dissolved solids in raw water collected at each 
station. A description of the sampling and analyt- 


ical procedures was published in the November 
1968 issue of Radiological Health Data and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years are 
available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They 
reflect no public health significance as the Public 
Health Service drinking water standards have 
already provided the basis for this assessment. 
Changes from or toward these arbitrary levels are 
also noted in terms of changes in radioactivity per 
unit weight of solids. A discussion of gross radio- 
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Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, April 1969 
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Table 1. Radioactivity in raw surface waters, April 1969 





Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi/liter) 
Station 





Sus- | Dis- | Total| Sus- Dis- | Total 
pended | solved pended | solved 








Big Horn River: 

iardin, Mont 
Big Sioux River: 

Sioux Falls, 8S. Dak_-_--- 
Clinch River: 

Kingston, Tenn* 
Colorado River: 

Parker Dam, 

Calif—Ariz_- 

Great Lakes: 

Duluth, Minn-------- 
Kansas River: 

DeSoto, Kans - - - - - -- -- 
Little Miami River: 

Cincinnati, Ohio 
Mississippi River: 

St. Paul, Minn_------ 

Cape Girardeau, Mo. 
Missouri River: 

Ww age 

Bismark, 


ao 


NQOnw 


Missouri City, Mo 
North Platte River: 
Henry, Nebr 
Ohio River: 
Cincinnati, Ohio 
Louisville, Ky 
SE 
Platte River: 
ao Nebr----- 
Rainy Riv 
International Falls, 


Red _ North: 
Grand Forks, N. Dak - _ - 
South Platte River: 
Julesburg, Colo - - 
Yellowstone River: 
Sidney, Mont----- ---- 


A 
wo = 








Maximum-.------ 





Minimum__-_---- 














*Gross beta radioactivity at this station may not be directly comparable 
to gross beta radioactivity at other stations because of the possible con- 
tribution of radionuclides from an upstream nuclear facility in addition to 
the contribution from fallout and naturally occurring radionuclides. 
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activity per gram of solids for all stations in each 
of the basin surveillance systems for 1961 through 
1965 has been presented (7). Comments are made 
only on monthly average values. Occasional high 
values from single weekly samples may be ab- 
sorbed into a relatively low average. When these 
individual values are significantly high, comment 
will be made. 

During April 1969, the following stations 
showed alpha radioactivity values in excess of 
15 pCi/liter in dissolved solids: 

North Platte River; Henry, Nebr. 

South Platte River; Julesburg, Colo. 
During April 1969, no station showed beta 
radioactivity values in excess of 150 pCi/liter in 
either suspended or dissolved solids. 
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D.C. 20402. 

(2) Ibid., 1959 Edition. 
(3) Ibid., 1960 Edition 
(4) Ibid., 1961 Edition. 
(5) Ibid., 1962 Edition. 
(6) PUBLIC HEALTH SERVICE, DIVISION OF WA- 
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(7) JULIAN, E. C. Gross radioactivity of the solids in 
selected surface waters of the United States, 1961-1965. 
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Radioactivity in Minnesota Municipal Supplies’ 


July-December 1968 


Division of Environmental Sanitation 
Minnesota Department of Health 


The analysis of various Minnesota waters for 
radioactivity was initiated in 1956 as part of the 
Minnesota Water Pollution Control Program. 
This program was expanded in 1958 to include 
most of the municipal surface water supplies in the 
State, as well as selected lakes throughout the 
State. 

As many as 25 surface streams and lakes in- 
volving 74 stations have been sampled. At present, 
nine surface streams and lakes used as municipal 
water supplies are sampled routinely (figure 1). 
“Grab” samples of raw and treated water are 
collected weekly at Hallock, East Grend Forks, 
Eveleth, Fairmont, and St. Paul, and monthly at 
Crookston, International Falls, and St. Cloud. 


Minneapolis tap water is analyzed weekly. No raw 
water is collected from the Minneapolis supply. 

The samples are forwarded to the Division’s 
laboratory, where they are analyzed for gross 
alpha and gross beta radioactivity. A 250-ml 
sample of water is transferred to a 2-inch planchet 
and evaporated at 75°C. The solid residue (sus- 
pended-plus-dissolved solids) is fixed by adding 
lucite in acetone. The sample is then counted for 
alpha or beta radioactivity in an internal-propor- 
tional counter. Counter standardization is accom- 
plished by edding known amounts of thallium-—204 
standard to solutions containing the normal range 
of solids. 

Table 1 shows a summary of the monthly average 
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Figure 1. Minnesota surface water sampling locations 
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Table 1. Total alpha radioactivity in Minnesota raw and treated water supplies, July-December 1968 





Town and water source Type of water 


Average concentration 
(pCi/liter) 











Crookston, Red Lake River 

East Grand Forks, Red Lake River 

Eveleth, St. Mary's Lake 

Fairmont, Budd Lake 

Hallock, Two Rivers South Fork- -------- ~~ 
International Falls, Rainy River---_------- a 
Minneapolis tap water 

St. Cloud, Mississippi River 


St. Paul, Vadnais Chain of Lakes 
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® Number in parentheses gives number of samples averaged. 


Table 2. Total beta radioactivity in Minnesota raw and treated water supplies, July-December 1968 





Town and water source Type of water 





Average concentration 
(pCi/liter) 








Crookston, Red Lake River 

East Grand Forks, Red Lake River 
Eveleth, St. Mary’s Lake 
Fairmont, Budd Lake 

Hallock, Two Rivers South Fork 
International Falls, Rainy River 
Minneapolis tap water 

St. Cloud, Mississippi River 

St. Paul, Vadnais Chain of Lakes 
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® Number in parentheses gives number of samples averaged. 


gross alpha radioactivity in Minnesota municipal 
water supplies from July-December 1968. Table 
2 shows the gross beta radioactivity in the same 


samples for the same period of time. Alpha 
radioactivity reported as <1 pCi/liter were 
considered as 0.5 pCi/liter for averaging purposes. 

The data obtained on gross beta radioactivity 
in Minnesota surface waters show a variation of 
concentrations, with no readily apparent trends. 
Variations in precipitation and flow rates of 
streams could contribute to this fluctuation. 
Monthly averages of gross beta radioactivity in 
Minnesota raw surface waters ranged from 5 to 
30 pCi/liter, which is well below the Public Health 
Service Drinking Water Standards (/). 
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1 Data and information from “Survey of Environmental 
Radioactivity, July-December 1968,” Publication No. 
COO-651-72 State of Minnesota Department of Health, 
University Campus, Minneapolis, Minn. 55440. 
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Radiostrontium in Tap Water 
July-December 1968’ 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The Health and Safety Laboratory has per- 
formed analyses for strontium-—90 in tap water at 
New York City since August 1954. Samples of 
tap water are collected daily so that by the end 
of the month 2 composite of at least 100 liters is 
available for analysis. Cesium-—137 determinations 
were begun in January 1964. The analytical 
methods used at the laboratory are given in the 
Health and Safety Laboratory Manual of Stand- 
ard Procedures (1). 

Strontium-90 concentration and cesium-—137 to 
strontium-90 ratios in New York City tap water 
for July through December 1968 are presented in 
table 1. These results appear graphically in 
figure 1. 

A decreasing trend has been observed in the 
strontium-90 concentrations since the July 1963 
peak. The maximum strontium-—90 concentrations 
observed are below the acceptable limit as set 
forth in the interstate carrier drinking water 


standards (2). 


1 Prepared from information appearing in Fallout Program 
Quarterly Summary Report, HASL 210. This report is 
available from the Clearinghouse for Federal Scientific and 
Technical Information, CFSTI, 5285 Port Royal Road, 
Springfield, Va. 22151. 
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TIONS. TITLE 42-Public Health, Chapter 1, Public 
Health Service, Department of Health, Education and 
Welfare; Part 72, Interstate Quarantine, Subpart J. 
Drinking Water Standards 27:2154-2155. Superintendent of 
Documents, U.S. Government Printing Office, Washington, 
D.C. 20402 (March 6, 1962). 





Monthly Average 


1955 19571 19581 195911960] 19611 1962 11963119641 1965 ’ T wer OT ee 























Figure 1. Strontium-90 concentrations in New York 
City tap water, 1955-December 1968 


Table 1. Radiostrontium in New York City tap water 
July-December 1968 





Sampling months Strontium-90* 
(1968) 


Cesium—137 / 
(pCi /liter) 


strontium—90 





July . 
August.__- 
September. 
October _- _ - 
November- . 
December 











* Approximately 100 liters per sample. 
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Tritium in Surface Water Network 


January-June 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


The tritium sampling network was established 
by the Public Health Service in May 1964, to 
measure and monitor tritium concentrations in 
major river systems in the United States and to 
provide surveillance at selected surface water sta- 
tions downstream from nuclear facilities. The net- 
work consists of 10 stations selected from the 131 
existing water pollution sampling stations oper- 
ated by the Federal Water Pollution Control 
Administration (FWPCA); eight of the stations 
are located downstream from nuclear facilities 
and two stations serve to establish baseline levels 
(figure 1). Reports covering the period, 1964— 
1965 (1) and 1966 (2) have been published previ- 
ously in Radiological Health Data and Reports. 

Monthly composites of weekly samples are 
collected through the FWPCA and sent to the 


Southeastern Radiological Health Laboratory for 
analysis. The analyses are carried out using liquid 
scintillation counting techniques described by 
Moghissi et al (3). The minimum level of de- 
tectability is 0.2 nCi/liter. 

Data for the samples collected during the first 
6 months of 1969 are shown in table 1. Station 
averages for this period and the corresponding 
period of 1968 are also presented in the table. The 
highest concentration observed during the first 
6 months of 1969 was 22.0 nCi/liter (Clinch River 
—Kingston, Tenn.). The highest 6 month average, 
14.4 nCi/liter, was also observed at the Clinch 
River station. Assuming that the specific activity 
of tritium in the body is essentially the same as 
that in the surface water, this average concentra- 
tion corresponds to an estimated whole-body dose! 
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Figure 1. Sampling stations for tritium in surface waters 
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Table 1. Tritium concentration in surface waters, January-June 1969 





Concentration* 
(nCi /liter) 





Collection site 


January February 


January-June average> 
April May 





1969 1968 





Clinch River, 

Kingston, Tenn_------- -- 
Colorado River, 

Boulder City, Nev-- 
Columbia River, 

Northport, Wash.4 
Columbia River, 

‘asco, a 

Hudson River, 

Poughkeepsie, N.Y. 2 

Mississippi “ert 

New Orleans, La.4____----- .2 
Ohio Micon 

Wheeling, W.V 2 
Rio Grande, 

El Paso, Tex 2 


2 
2 
2 
2 
2 











22.0 + 0.5 
17+ 2 
NS 

















senean oe 





. =~ samy ~ —aedy is the two-sigma error at the 95 percent confidence level. 


> Values less t 


4 Baseline station. 
NS, no sample. 


of 2.4 mrem/year; or in terms of Federal Radia- 
tion Council guidance, less than 2 percent of the 
Radiation Protection Guide (170 mrem/year) for 
an average dose to a suitable sample of the exposed 
population (4). In general, the 6-month station 
averages were lower for this period than for the 
comparable period in 1968. 

Sampling at Sioux Falls, S. Dak., was discon- 
tinued in October 1968 since the reactor there was 
no longer operational. The station at Port Went- 
worth, Ga., was also discontinued due to diffi- 
culties in locating a new sampling point. 


REFERENCES 
a ) CHESNUTT, 


or equal to the minimum level of detectability (0.2 nCi/liter) were averaged as zero. 
¢ Values are not statistically significant at the 95 percent confidence level. 


This present program is being terminated as of 
July 1, 1969. A new program will then be initiated 
in which drinking water samples will be collected 
and analyzed for tritium on an annual basis from 
the present stations of the Radiation Alert 
Network. 


1 Development of the calculations to obtain this dose may 
be found in reference (2). 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission prod- 
uct radioactivity. To date, this surveillance has 
been confined chiefly to gross beta-radioanalysis. 
Although such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 
cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 


Network 
HASL 80th Meridan Network 
Fallout in the United States 
and Other areas, HASL 
Plutonium in Airborne 
Particulates and Precipitation 


November 1969 


Calendar Year 1966 
January—June 1968 


April-June 1968 


sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian De- 
partment of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and the 
Pan American Health Organization. 

An intercomparison of the above networks was 
performed by Lockhart and Patterson in 1962 
and is summarized in the January 1964 issue of 
Radiological Health Data. In addition to those 
programs presented in this issue, the following 
programs were previously covered in Radiological 
Health Data and Reports. 


Period Issue 


December 1968 
October 1969 


October 1969 





1. Radiation Alert Network 
July 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 73 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State health department personnel. 

The station operators perform “‘field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after col- 
lection, when most of the thoron daughter prod- 


ucts have decayed. They also perform field esti- 
mates on dried precipitation samples and report 
all results to appropriate Bureau of Radiological 
Health officials by mail or telephone depending 
on levels found. A compilation of the daily field 
estimates is available upon request from the 
Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and 
analytical procedures was presented in the April 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the mon-hly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during July 1969. Time 
profiles of gross beta radioactivity in air for eight 
Radiation Alert Network stations are shown in 
figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, July 1969 





Precipitation 





Air surveillance 


gross beta radioactivity | Field estimation of deposition 
Station location (pCi/m?) i 








or el peo a Total 
° mm eposition 
Minimum |Average* samples (nCi/m*) 





te 


8 52 


oo 


Point Barrow 
St. Paul Island 


-_-O on 
=o oc oc SO 
-~S o~ 


June 69 
Oct 69 


mm NNNNO- ASO 
coooconooone 
oooh Or orfw 


te 
= 


me Cr Go Crm Coe 
om OOOO 
=O e ee WO 


” 


2 0 
1 0 
2 0 
1 0 
2 0 
3 0 
3 0 
5 0 


Nw BWaAQwmacn 


wom WCwwh won 


woo ooorn. 


Cincinnati 
Columbus 
Painesville 


i ROR OD 


=O NPN Ne he OO 
eho 


-o ooo oorooo 


- 
NNAWOWUs 
OrKNNOKNN He 


El Paso 
Salt 
Barr 


Noo NOON NY 











ll 0 





























* The monthly average is calculated by weighting the field estimates of individual air wy with length of sampling period. 
> No report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. 
4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1963-July 1969 
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2. Canadian Air and Precipitation Table 2. Canadian gross beta radioactivity in surface 
Monitoring Program! air and precipitation, July 1969 
J uly 1969 Air surveillance gross 


beta radioactivity Precipitation 
(pCi/m*) measurements 





Radiation Protection Division ) 
Department of National Health and Welfare | pane 


| Average 





The Radiation Protection Division of the Ca- 
nadian Department of National Health and Wel- 
fare monitors surface air and precipitation in con- 
nection with its Radioactive Fallout Study  ramonton... 
Program. Twenty-four collection stations are **“hhl-- 
located at airports (figure 3), where the sampling Freawilie™---- 
equipment is operated by personnel from the  {20n2*’--- 
Meterological Services Branch of the Department 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 1969 Toronto... 
issue of Radiological Health Data and Reports. Paapeengamen 

Surface air and precipitation data for July 1969 Wintghorse---- 
are presented in table 2. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
November—December 1968 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of Mexico 
was established by the Comisién Nacional de 
Energia Nuclear (CNEN), México, D.F. From 
1952 to 1961, the network was directed by the 
Institute of Physics of the University of Mexico, 
under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new Radia- 
tion Surveillance Network. In 1966, the Division 
of Radiological Protection was restructured and 
its name changed to Direccién General de Segu- 
ridad Radiolégica (DRS). The network consists 
of 16 stations (figure 4), 11 of which are located 
at airports and operated by airline personnel. 
The remaining five stations are located at México, 
D.F.; Mérida; Veracruz; San Luis Potosi; and 
Ensenada. Staff members of the DRS operate the 
station at México, D.F., while the other four sta- 
tions are manned by members of the Centro de 
Prevision del Golfo de México, the Chemistry 


Department of the University of Mérida, the 
Institute de Zonas Desérticas of the University of 
San Luis Potosi, and the Escuela Superior de 
Ciencias Marinas of the University of Baja 
California, respectively. 


Sampling 
The sampling procedure involves drawing air 


Table 3. Mexican gross beta radioactivity of airborne 
particulates, November 1968 





Gross beta radioactivity 
i/m?*) 





Maximum | Minimum | Average 





Acapulco-- -- 
Chihuahua 
Ciudad Juarez 
Ensenada ; 


La Paz_-_-. 
Matamoros--. 
Mazatlan 
Mérida 


México, D.F........-. 
Nuevo Laredo- 
eG Sas 
Torreén-__- ; J 
SERS F 

















NS, no sample, station temporarily shut down. 
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Figure 4. Mexican air sampling locations 
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through a high-efficiency 6- by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at the 
rate of 1,000 cubic meters per day using high 
volume samplers. 

After each 20 hour sampling period, the filter is 
removed and shipped via airmail to the Seccidén de 
Radioactividad Ambiental, CNEN, in México, 
D.F., for assay of gross beta radioactivity, allow- 
ing a minimum of 3 or 4 days after collection for 
the decay of radon and thoron daughters. The 
data are not extrapolated to the time of collection. 
Statistically, it has been found that a minimum of 
five samples per month were needed to get a 
reliable average radioactivity at each station (1). 

The maximum, minimum, and average beta 
radioactivity in surface air during November and 
December 1968 are presented in tables 3 and 4. 


4. Pan American Air Sampling Program 


July 1969 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist PAHO 
member countries in developing radiological health 
programs. 

The air sampling locations are shown in figure 5. 


Table 5. Summary of gross beta radioactivity in Pan 
American surface air, July 1969 





Gross beta radioactivity 
‘ p (pCi/m*) 
Station location 





Maximum] Minimum} Average* 





Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Buenos Aires - _ - 
La Paz 


Guyana: 

Jamaica: 

Peru: 

Venezuela: Caracas_---_-- ai 
West Indies: Trinidad 


RERRESRSSRE 





Pan American summary 0.00 

















"The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m!* are reported 
and used in averaging as 0.00 pCi /m'. 

NS, no sample. 
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Table 4. Mexican gross beta radioactivity of airborne 
particulates, December 1968 





Gross beta radioactivity 
(pCi/m*) 


Station location 





Date | 
Maximum | Minimum | Average 





cl 


Acapulco. NS | 

Chihuahua _ , ‘ wa 0. : 0. 
Ciudad Juarez 
Ensenada 


Matamoros-_- 
Mazatlan 
Mérida _ 


México, D.F_-- 
Nuevo Laredo 
Tampico 
Torreén_- i f ‘ 
Veracruz N§ 











NS, no sample, station temporarily shut down. 


Analytical techniques were described in the Janu- 
ary 1968 issue of Radiological Health Data and 
Reports. The July 1969 air monitoring results from 
the participating countries are given in table 5. 
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Figure 5. Pan American Air Sampling Program stations 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 
here are such data as those obtained from human 


bone sampling, bovine thyroid sampling, Alaskan 
surveillance, and environmental monitoring 
around nuclear facilities. 





Iodine-131 in Bovine Thyroid 
January-February 1969 


Bureau of Radiological Health 
Public Health Service 


The Bureau of Radiological Health (formerly 
the National Center for Radiological Health) 
established a bovine thyroid network in October 
1964 (1). Specimens are collected by the Livestock 
Slaughter Inspection Division, U.S. Department 
of Agriculture, and are analyzed by gamma-ray 


spectroscopy for iodine-131 content at the North- 
eastern Radiological Health Laboratory, Win- 
chester, Mass. 

The network consists of collection areas (coun- 
ties shaded in figure 1) located so as to cover, as 
nearly as possible, areas near major nuclear re- 
actors, spent-fuel reprocessing plants and nuclear 
test sites. Details of sampling and analyses have 
been published earlier (/). 











Figure 1. Sampling locations for Bovine Thyroid Network 
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The results for January through February 1969 in the environment increase significantly in the 
appear in table 1 and are listed by county alpha- future, provisions have been made to sample 
betically within each State. Moderate elevations bovine thyroids at that time. 
in radioactivity were found in 10 States during 
this period. The two most active samples analyzed 
were collected in Delta County, Colo., and Wash- REFERENCE 
ington County, Idaho, on January 3. They con- (/) BARATTA, E. J., E. R. WILLIAMS, and G. MUR- 
tained 23 and 36 pCi iodine-131/g thyroid, fogs lodine-161. in bovine thyroids, October-December 
respectively. 

Due to the very low levels of cence A de- eer coverage in Radiological er and Reports: 
tected in this network, this program is discon- 
tinued as of March 1, 1969. If levels of iodine-131 See, 6a 


Table 1. Iodine-131 in bovine thyroids, January-February 1969 





pCi iodine-131/g thyroid 





Date(s) of County 
slaughter Average 
orcon- | Minimum | Maximum 
centration 











Arizona 1/2-2/20« Maricopa 0 
California 1/13-2/7* Fresno (2)> 0 
Kern (1) 
Monterey (10) 
Santa Clara (5) 


Colorado 1/13-2/10« Adams (4)> 
ye (1) 
1/13-2 /20* 


1/6-2/20* 


1/8-1/28* 8 

1/2 Kit Carson __ 
1/2-2/18* Larimer (8) - 
2/13-2/20 M 
1/10-1/21* 
1/6 


1/16-2/18* 
1/2-2/17* 


Georgia 1/16-2 /6* 
2/19 
2/12-2/19* 
1/22 
1/8-2/12* 
1/22 
1/22-2/19* 
1/29 ‘ 
Screven (3)> 

Upson (1)__-_--- 

CK EE 
1/8 RET A EE IE EIT d 
1/8-2/19* Wilkes (10) 

es ae en 
1/3—1/24* 
EE a nee eee 2/3 Bossier (1)> 

2/7 Red River (1) 

Mississippi ; 1/9-2/13* CO EE : 
Jackson (5) 

Stone (2) 

New Mexico- a. 17 Rerseliie (2)? ROS SR Red eee ee aaeene pare 


1/7-2/13* Chautaugua 
1/17-2/24* Bryan (2)>____ 




















See footnotes at end of table. 
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Table 1. lIodine-131 in bovine thyroids, January-February 1969—Continued 





i iodine-131/g thyroid 
Date(s) of Number of os . 
slaughter samples 





Average 
orcon- | Minimum | Maximum 
centration 





South Carolina _...--| 1/8-2/12« Barnwell (1)> ©0 
Greenwood (2) 
McCormick (1) - - 


PO ive once cicccessas 1/7-2/19* Codington (6)» 
Davison (2) 
Gregory (10) 
Hanson (2) 
Jackson (2) 


1/7-2/19« Lincoln (2) 

McCook (1) 

Minnehaha (17) -- ------- 
Tripp (3)-_--- 

Turner (15) 


1/21-2/19* Blout> 

(Sass 
MeMinn (1) -.-------- . 
i ee 

1/6-2 /24* Baylor (1)> 

Comanche (1) 

Cooke (3) - ---- - 
i cicenindeteanactingaies 
SE ‘ 
Hopkins (1) - - - - 

Johnson (2) 

Willacy (3) - 
Wise (1)---- 


Es Walla Walla _- 
a i 1/10-2/24 Dane-_ 
Wyoming 1/6-1/10 























* Samples were not collected on all dates during this period, but the interval includes several sampling dates. 

b Numbers in parenthesis represent the number of samples collected from that county during the interval indicated. These may have been collected 
over several dates or only one date. 

¢ The results for this period were for the most nondetectable. Some randomly scattered positive results were obtained; but these represented barely 
detectable amounts of iodine—131 in the bovine thyroid (2-5 pCi/g). 

4 All results <1 pCi/g are reported as 0. 

e¢ Name of county not available. 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 


1. Portsmouth Area Gaseous Diffusion Plant? 


July-December 1968 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural uranium 
and thorium-234 are the most likely radionuclides 
to be released to the environment by the Ports- 
mouth Area Gaseous Diffusion Plant. To verify 
the effectiveness of plant controls, environmental 
monitoring is conducted for evidence of alpha- 
particle, beta-particle, and gamma-ray emitters. 

Air samples are generally collected monthly at 
21 sites located from 1 to 6 miles from the plant 
as shown in figure 1. Monthly water samples are 
collected at 13 stations within 5 miles of the plant. 

For July-December 1968, the waterborne alpha 
and beta-gamma radioactivity and the background 
exposure increased over the first half of 1968. The 
airborne alpha and beta-gamma radioactivity re- 
mained essentially unchanged. 

For the calendar year 1968 versus calendar year 
1967, the water alpha and beta-gamma radio- 
activity increased significantly; however, the 1968 
values are less than 1 percent of the AEC con- 
centration standards. Airborne alpha and beta- 
gamma radioactivity remained essentially un- 
changed. 


? Data summarized from B. Kalman and S. H. Hulett, 
“Environmental Radiation Levels and Concentrations, 
oP Half and Annual Summaries 1968” (February 17, 
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set forth by AEC’s Division of Operational Safety 
in directives published in the “AEC Manual.” 
Summaries of the environmental radioactivity 
data follow for the Portsmouth Area Gaseous 
Diffusion Plant and the Savannah River Plant. 


' Title 10, Code of Federal Regulations, Part 20, “Stand- 
ards for Protection Against Radiation’’ contains essentially 
the standards published in Chapter 0524 of the AEC Manual. 








LEGEND 





@ Water sample points 
Air sample points 
© Water and Air sample points 


pod 
| — DIFFUSION PLANT 


. 7 











Figure 1. Sampling locations, Portsmouth Area 
Gaseous Diffusion Plant 
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Table 1. Environmental radioactivity, Portsmouth Plant 





| 


Type of monitoring of 





Air: 
Alpha radioactivity (pCi/m?) 
Beta-gamma radioactivity 
RD Racin tick piste 


Water: 
Alpha radioactivity (pCi/liter) -- 
Beta-gamma radioactivity 
(pCi /liter) ---- : 





Background exposure> (mrad/h) - - _- 125 


July-December 1968 


Number 





| 


Maximum 





| <14,0 


-010 





.027 | 


Minimum | Average 








* The applicable radiation protection standards are as follows: 


Air (alpha radioactivity) 
Air (beta—gamma radioactivity) 
Water (alpha radioactivity) 


External (beta—gamma radioactivity) 


Penetrating background dose rates were slightly 
higher when compared with the 1967 values. In 
the calculations it is assumed that all of the dose 
rates are attributable to plant operations. As in 
the past, the offsite and onsite patterns are very 
much alike in form and intensity with no signifi- 
cant differences between the average values. 
From the onsite and offsite intensities, it is evident 
that the plant operations have not added appre- 
ciably to the general background radiation. 

Average alpha and beta-gamma radioactivity 
concentrations in air and water are summarized 
in table 1. The external gamma-ray levels, meas- 
ured at the air sampling locations shown in figure 
1, are also summarized in table 1. The overall 
average concentrations and background exposure 
rates for 1967 and 1968 are presented in table 2 
as percent of standards. 


Recent coverage in Radiological Health Data and Reports: 


Period 


July-December 1967 
January-June 1968 


Issue 
July 1968 
January 1969 


November 1969 


2 pCi/m* 
1 nCi/m* 
20 nCi/liter 


0.5 rem/a (approx. 0.6 mrad/h) 

+ Measurements were made with an open-shield Geiger—Mueller tube 1 foot above ground. The 
3-foot rate (not shown) was experimentally determined to average two-thirds of the 1-foot rate 
and was used to determine the percent of the concentration standard. 


standard* 


Table 2. Comparison of average concentrations 


Portsmouth Plant, 1967 and 1968 





Type of monitoring 


Air 
Alpha radioactivity -_- 
Beta-gamma radioactivity - 
Water 
Alpha radioactivity __- 
Beta-gamma radioactivity _- 
Background exposure extrap- 
olated to 3 feet above 
ground level : 








January-— 


Percent of AEC standard* 





Calendar | Calendar 
year 


1967 


July- 
December 
1968 


5.3 














* See footnote (a) of table 1. 





2. Savannah River Plant’ 
July-December 1968 


E. I. duPont de Nemours 
Aiken, South Carolina 


The Savannah River Plant (SRP), built and 
operated for the Atomic Energy Commission by 
E. I. duPont de Nemours and Company, occupies 
an area of 312 square miles along the Savannah 
River, 22 miles downstream from Augusta, Ga. 
Production facilities include a fuel preparation 
area, four reactors, two fuel separation areas, and 
a heavy water production plant. A basic goal in 
plant operation is total containment of radioactive 
waste. Although some very low level gaseous and 
liquid wastes are discharged to the environment 
in controlled releases, dispersal is adequate to 
ensure environmental concentrations below recom- 
mended guides. 


The DuPont Environmental Monitoring Group 
has maintained a continuous monitoring program 
since 1951 (before plant startup) to determine the 
concentrations of radioactive materials in a 1,200 
square mile area outside the plant. Included in 
this area are parts of Aiken, Barnwell, and Allen- 
dale counties in South Carolina, and Richmond, 
Burke, and Screven counties in Georgia. This 
surveillance determines the magnitude and origin 
of any radioactivity above natural levels. Meas- 
ured concentrations of radionuclides in air, water, 
and milk are compared with the maximum permis- 
sible concentrations (MPC) recommended by the 
International Commission on Radiological Pro- 
tection (ICRP), or the daily intake guides recom- 
mended by the Federal Radiation Council (FRC). 

Sensitive instruments, which can detect traces 
of radioactive materials far below concentrations 
of hazard significance, are used to determine 
radioactivity in the environs. Plant-released radio- 
activity cannot be readily distinguished from 
weapons tests fallout, and both are included in 
the reported concentrations. Maximum and mini- 
mum values given are for individual samples col- 
lected during the report period. 


3’ Summarized from “Effect of the Savannah River Plant 


on Environmental Radioactivity, 
July-December 1968” (DPST 69-30-1) 


Semiannual Report. 
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Figure 2. Environmental sampling locations, Savannah 
River Plant 


Atmospheric monitoring 


Concentrations of radioactive materials in the 
atmosphere were measured by biweekly analyses 
of air filters collected at five monitoring stations 
near the plant perimeter and 10 stations around a 
circle of about 25 miles radius from the center of 
the plant (figure 2). Deposition rates of radioactive 
material at each station were also determined by 
monthly analyses of rainwater ion exchange 
columns (fallout collectors). The monitoring sta- 
tions are spaced so that a significant release of air- 
borne radioactivity by SRP would be detected 
regardless of the prevailing wind. All stations 
operate continuously. Four additional air moni- 
toring stations at Savannah and Macon, Ga., 
and at Columbia and Greenville, S. C., are so 
distant from SRP that the effect of SRP operations 
is negligible; they are reference points for deter- 
mining background radioactivity levels (figure 3). 
This system permits comprehensive surveillance 
of atmospheric radioactivity and also makes it 
possible to differentiate between weapons test 
fallout and SRP releases. 

The small amount of filterable beta radioactivity 
released to the atmosphere, primarily from the 
fuel separations areas, was obscured by fallout 
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from nuclear weapons tests. The influence of the 
weapons tests which resumed in September 1961 
is shown in figure 4. The rise in early 1964 was the 
result of the anticipated spring increase in the 
mixing of stratospheric debris into the troposphere. 
The average beta radioactivity concentration in 
air decreased from 9.19 to 0.09 pCi/m* during 
July-December 1968. 

Radioactivity in air, determined from filter 
analyses, is shown in table 3. The July-December 
1968 concentrations of filterable beta radioactivity 
(0.09 pCi/m*) and alpha radioactivity (0.0007 
pCi/m*) in air were 0.09 and 1.0 percent of the 
respective MPCs. Tritium oxide concentrations 
in air, at the plant perimeter and at the 25-mile 
stations, did not exceed 0.2 percent of the MPC. 

Deposition of fallout during July-December 
1968 totaled 7 nCi/m? at the plant perimeter 
locations and 5 nCi/m? at 25-mile radius locations; 
comparable values for the first half of 1968 were 
7.3 and 7.7 nCi/m? (the 21 and 17 nCi/m? re- 
ported previously for the January-June 1968 
period, included naturally occurring Beryllium-7). 
Deposition at each sampling location is presented 
in table 4. 


Algae and fish in Savannah River 


Fish, predominantly bream, and indigenous 
algae, primarily green (Vaucheria) and blue-green 
(Phormidium), were collected weekly upstream 
from, adjacent to and downstream from the 
Savannah River Plant. Determination of radio- 
nuclides in algae is important because algae con- 
centrate certain radionuclides and also because of 
the role of algae in the food chain of aquatic 
organisms. Beta-particle concentrations in algae 
and fish adjacent to and downstream from SRP 
indicate some minor contribution by SRP. Al- 
though measurably higher than similar material 
collected at the control station 3 miles upstream 
from SRP, the slight increase is of no biological 
significance. 

Specific radionuclide analyses were made on 
algae and fish collected from the Savannah River. 
Radiocesium and radiostrontium were found con- 
sistently in river algae; whereas cerium—141, —144, 
chromium-51, zirconium-—niobium-95, manganese- 
54, zinc-65, and cobalt-60 were detected less fre- 
quently. Also, radiostrontium (maximum, 15 
pCi/g, wet weight) was detected in bone tissue of 
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Figure 3. Distant air monitoring stations, Savannah 
River Plant 


river fish, and radiocesium (maximum 5 pCi/g, 
wet weight) was detected in the flesh tissue. The 
maximum concentrations of phosphorus-32 de- 
tected in bone of river fish was 56 pCi/g; and the 
maximum phosphorus-32 in flesh of river fish was 
19 pCi/g. 


Water monitoring 


The plant site is drained by five streams that 
flow several miles through the reservation before 
reaching the river (figure 5). In January 1965, the 
Beaufort-Jasper Water Authority began operation 
of 2 new treatment facility to furnish drinking 
water, partially supplied from the Savannah River, 
to most of Beaufort County, South Carolina. 
Water is supplied through a new canal from the 
river at a location about 90 miles below the SRP. 
The city of Savannah also supplements its domes- 
tic well water supply with river water during 
periods of peak demand. 

Communities near the plant get domestic water 
from deep wells or surface streams. Public water 
supplies from 14 surrounding towns were collected 
and analyzed in October. There was no evidence 
that SRP contributed radioactivity to drinking 
water supplies; concentrations of alpha radio- 
activity (0.5 pCi/liter) and beta radioactivity (4 
pCi/liter) were essentially the same as those ob- 
served before plant startup. 

River water, analyzed weekly, was sampled 
continuously at four locations, as shown in figure 
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Figure 4. Influence 


5. Average concentrations of specific radionuclides 
found in river water during July-December 1968 
appear in table 5. 

Tritium, sulfur-35, and trace amounts of 
cesium-—137, strontium-89, and strontium-90, re- 
leased mainly from reactor areas, were the radio- 
nuclides of SRP origin detectable in river water 
at the downstream location. Strontium-90 and 
tritium from worldwide fallout were also detected 
in river water upstream from the Savannah plant. 

Tritium, a beta-particle emitter and the most 
abundant radionuclide released to the river, is 
produced by neutron irradiation of heavy-water 
moderator in the reactors. Sulfur—35, also a beta- 
particle emitter and the second most abundant 
radionuclide released to the river, is produced by 
neutron irradiation of stable sulfur (a component 
of the ion exchange resin used in the moderator- 
purification system in reactor areas). The tritium 
and sulfur—35 concentrations in river water aver- 
aged 0.30 and 0.03 percent of the MPC, 
respectively. 


Vegetation 


Radioactive contamination of growing plants 
may result from deposition on foliar surfaces or 
absorption of radioactive materials from the soil. 

Grass samples were collected at seven locations 
along the plant perimeter and at seven other loca- 
tions along a 25-mile radius route. (These are not 
designated on figure 2). Samples from each quad- 
rant of the plant site and of the surrounding area 


of weapons tests 


were composited for monthly analysis. Radio- 
nuclides in grass samples were from fallout. 
Alpha-particle emitters averaged 0.1 pCi/g at 
the plant perimeter and 25-mile radius locations 
as compared to 0.2 pCi/g during the first half of 
1968; gamma-ray emitters averaged 7.4 and 8.6 
pCi/g, respectively, as compared to 21 and 31 
pCi/g for the first half of 1968. 


Milk 


Milk was sampled at three dairies within a 25- 
mile radius of the Savannah River Plant, as shown 
in figure 2. Samples which were collected biweekly 
were analyzed for tritium and radioiodine. Stron- 
tium-90 determinations were made quarterly. 
Milk produced in the area and sold by major 
distributors was also analyzed for these radionu- 
clides. Results from analyzing milk for radioac- 
tivity during July-December 1968 are shown in 
table 6. 

Average concentrations of the radionuclides in 
milk (10 pCi/liter for strontium-90 and <5 
pCi/liter for iodine-131, compared to 17 and <5 
pCi/liter, respectively, during the first half of 
1968) were consistent with values reported by the 
U.S. Public Health Service for most sections of 
the United States. Tritium in local milk, when 
present, is assumed to be associated with plant 
operations. The average tritium level was less 
than the sensitivity of the analysis, which allows 
detection of a concentration of 3,000 pCi/liter 
(<0.1 percent of the MPC for water). 
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Food 


Farm produce, representing four food categories 
(grain, fruit, poultry, and leafy vegetables) were 
collected at 14 localities in the six counties sur- 
rounding SRP (not shown on maps) during the 
summer and fall of 1968. Sixty-two samples were 
analyzed by gamma spectrometry for cerium-141, 
—144, iodine-131, ruthenium-103, —106, cesium- 
137, zirconium-niobium-95, and magnanese—54. 
Radiochemical analyses were used for strontium— 
90 and alpha-particle emitters (uranium and plu- 
tonium). With the exception of grains, all foods 
were prepared for analysis in 2 manner similar to 
that used to prepare them for eating. Peelings, 
seeds, and other nonedible parts were removed. 
Wheat, containing the whole grains only, and 
oats, containing both grains and husks, were 
processed unwashed. Concentrations in some 
samples were too low for reliable measurement, 
and only results above the detection limit of the 
analyses are included. 


SRP contributions to the levels of radioactivity 
in foods were so low in 1968 as to be indistin- 
guishable from fallout. With the exception of 
cesium-137 and strontium—90, all radionuclides 
in food were near or below levels of detection. 
The amounts of strontium-90 and cesium—137 
were about the same as in the 1967 samples with 
respective peak values again in collards (0.41 
pCi/g) and grains (0.09 pCi/g). 


Environmental gamma radiation levels 


Monthly measurements of environmental 
gamme radiation were made with thermolumines- 
cent dosimeters. The July-December 1968 data 
(shown in table 7), are characteristic of measure- 
ments observed at individual stations for the 
past several years. 
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Table 3. Radioactivity in air, Savannah River Plant, July-December 1968 





Average concentrations 
(pCi/m*) 





Filter analysis Plant perimeter locations 25-mile radius locations 





Barn-| Bush | Lang-| Sardis} Waynes- 
well | Field | ley boro 





Alpha particle emitters*_| 1. d x 5 . 4 ; ij . 1.0 
multiply by 107*) 
Maximum ° 


Nonvolatile beta- 
particle emitters 


15 
-05 
.09 


















































Composite sample 
Specific radionuclides 
(averages) 

Strontium—89, 90__- _- 
Cesium-—137------ 
Cerium-141, -144___- 
Ruthenium-103, -106- 
Zirconium-niobium-95 
Beryllium—7 











* Sensitivity of analysis —0.3 f{Ci/m*; ICRP Maximum Permissible Concentration: 0.07 pCi/m’. 
> Sensitivity of analysis — 0.006 pCi/m*; ICRP Maximum Permissible Concentration: 100 pCi/m?. 
ND, nondetectable, less than sensitivity of analysis. 


Table 4. Total fallout deposited, Savannah River Plant, July-December 1968 





position 
wey, m?) 





Radionuclide 
Plant perimeter locations 25-mile-radius locations 





Bush | Lang- Waynes- 
D Ai Field | ley i boro 











Strontium-89 ‘ é . P é ‘ d r d ‘ ‘ ‘ 
Strontium-90 

Cesium-137 __.-_-- 
Cerium-141, -144 __ - 
Zirconium-niobium-95 - 
Beryllium-7 
























































* Multiply by 107*. 
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Table 5. Average concentration of radionuclides in Savannah River water 


uly-December 1968 





Concentration 


(pCi /liter) 





Radionuclides 
Control Highway Percent 

Sensitivity (3 miles 301 

of analysis upstream (10 miles 

from plant) | downstream 

from plant) 





Ruthenium-103, —106 
Cerium-—141, -144 
Cesium—134, —137 
Neptunium-—239 
Barium-lanthanum-—140 
Zirconium-niobium-95 
Chromium-51 
Strontium-89_ _ - -- 
lodine—131 __ - - - - 
Strontium—90 


_~ mb nail 


Oh ROUWWARNAMD 


= 


AAAA A AAAA AA 


_ 
j=) 

















ND, nondetectable, less than sensitivity of analysis. 


Table 6. Radioactivity in milk from local dairies, Savannah River Plant 


July-December 1968 





Concentration 
(pCi /liter) 





Distributing 
points Tritium*® Strontium-90> Iodine-131¢ 





Maximum| Minimum| Average > . |Maximum| Minimum] Average 





ND ND 
North Augusta__--- , ND ND 
Waynesboro ND 
Major distributors ND ND 





























* Sensitivity of analysis—3,000 pCi /liter. 

> Sensitivity of analysis—1.0 pCi/liter. 

¢ Sensitivity of analysis—5.0 pCi /liter. 

4 Milk produced in local dairies, but sold by major distributors. 
ND, nondetectable, less than sensitivity of analysis. 

NS, no sample. 


Table 7. Environmental gamma radiation, Savannah River Plant, July-December 1968 





Exposure 
(mR/day) 





Filter Analysis Plant perimeter locations 25-mile radius locations 





A B D i Sardis Waynes- ji Hwy |Aver- 
8 i bo i 301 | age 








Maximum --- ..-| 0.29 | 0.35 ‘ 0.35 . . . ’ ; : ; . : . 0.54 
Minimum - oe a -10 , .06 ‘ d : ; F ‘ ° ‘ ‘ J 
ie cricinintebicm eae .27 -25 ‘ .21 
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Reported Nuclear Detonations, October 1969 


(Includes seismic signals) 


The Atomic Energy Commission conducted an 
underground nuclear calibration test at Amchitka 
Island, Alaska, at 12:06 p.m. Bering Daylight 
Time, October 2, 1969. The calibration test, 
called MILROW, employed a device of known 
explosive power—the equivalent of about one 
megaton of TNT—and registered 6.5 on the 
Richter scale as previously predicted by AEC. 
MILROW was detonated 4,000 feet under the 
surface of Amchita Island. Also as forecast, there 
were no damaging earthquakes. 

AEC’s preliminary report, issued October 22, 
1969, stated that only minor effects had been 
observed following the detonation. ““Temporary 
buildings at ground zero show external evidence 
of damage but still are standing. Careful exam- 
ination of our extensive instrumentation indicates 
no radioactivity escaped either to the atmosphere 
or to the sea.” 

No unusual water wave activity was reported 
at any tide stations other than a very slight 
ripple not exceeding 2 inches, which was noted 


near the island. Preliminary observations made 
within 0.6 miles from ground zero have not 
indicated any apparent ecological effects. Sea 
otters held in a pen on the shore about 4,500 feet 
from surface ground zero (SGZ) appeared normal 


and all ate food offered 4 hours after the shot. 
These otters, along with others in floating pens 
located at greater distance from SGZ, will be 
under observation for several days in search of 
possible delayed effects, after which they will 
be released into their natural habitat. 

Data from MILROW will be extensively ana- 
lyzed and the knowledge gained from these 
analyses will be carefully studied before any 
determination is made regarding further testing 
on the island. 

On October 8, 1969, the Atomic Energy Com- 
mission announced that it has conducted an 
underground nuclear test in the intermediate 
yield range (200 to 1 megaton TNT equivalent) at 
its Nevada Test Site. 

The Atomic Energy Commission conducted 
three underground nuclear tests at its Nevada 
Test Site on October 29, 1969. The first test was in 
the low yield range, equal to less than 20 kilotons 
of TNT equivalent. The second and third tests 
conducted at 3:00 and 5:02 p.m., EST, were in 
the low-intermediate yield range (20 to 200 
kilotons TNT equivalent). The tests were con- 
ducted safely, although the second (3 p.m.) test 
resulted in a minor release of radioactivity. 
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At the request of the Navajo Tribal Council, an environmental radiological 
survey was conducted on the El Paso Natural Gas Company uranium tailings 
pile, Tuba City, Arizona, in May 1967. The purpose of the survey was to evalu- 
ate potential radiation hazards and to recommend methods of control. The 
survey included evaluation of external gamma radiation, airborne radioac- 
tivity, and waterborne radioactivity. 

The results indicate that the external radiation levels on the tailings area 
exceed recommended exposure limits for individuals in the general population. 
Wind carriage of the tailings in an easterly direction from the pile has resulted 
in elevated radiation levels outside the controlled area. 

On the basis of these data it was recommended that the mill tailings be 
properly stabilized against wind erosion or periodic monitoring would be neces- 
sary. In May 1968, the pile was regraded‘and stabilized against wind erosion 
using a chemical binder. Because of the external radiation levels on the tail- 
ings area, this area was not released for public use. It was fenced and posted 
as a radiation area. The housing area was released to the Navajo Tribe and is 
presently occupied. 
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